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Certain conspicuous and characteristically differentiated 
intracellular bodies have been found in the diseased tissue of 
plants affected with many of the so-called virus diseases, such 
as tobacco, wheat, corn, sugar cane, and Hippeastrum mosaic, 
and Fiji disease of sugar cane. These bodies have been variously 
interpreted as ‘degeneration products of diseased nuclei’ (Smith 
1924), as ‘products of disease reaction on the part of the cells’ 
(Palm 1914), as ‘fragments of the nuclei of the cells’ (Iwanowski 
1903), and as ‘living amoeboid organisms or perhaps stages in 
the life cycle of a living organism’ (Kunkel 1924, 1925). My 
studies of the mosaic disease of tobacco have convinced me 
that these intracellular bodies are not products of the meta- 
bolism of diseased cells, as are perhaps the striated bodies which 
are also regularly associated with the diseased condition in the 
cells of Nicotiana Tabacum and Solanum aculeatissimum. 

By a cytological study of the mature organs and embryonic 
regions of both healthy and diseased plants, I have endeavored 
to determine the distribution in the diseased tissues of the 
intracellular x-bodies which I have previously described in living 
mosaic diseased tobacco plants (1924), the method of their 
distribution at the time of the division of the host cell, and their 
individual structure and development. I have also endeavored 
to correlate more exactly than has hitherto been done, the internal 
cell modifications with the external visible symptoms of the 
disease, and to determine the relation of the histogenic stage 
of development of a tissue at the time of its infection to the 
type of disease symptoms which will develop. 


1 Contributions from the Department of Botany of Columbia University, no. 347. 
[The Bulletin for October (53: 429-498) was issued 30 October 1926.] 
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I. REVIEW OF THE LITERATURE 


The literature of mosaic and related diseases has been re- 
viewed in considerable detail by many authors. Allard (1914b) 
has reviewed the literature of the tobacco mosaic disease. 
Wakefield (1921) and Dickson (1922) have reviewed in consider- 
able detail the literature dealing with the symptoms, methods 
of transmission, and the theories as to the causal agent of the 
mosaic disease. Excellent reviews of both theoretical and 
experimental data in regard to the nature of the filterable virus 
diseases of animals are given by Simon (1923) and MacCollum 
(1926). McKinney (1925) reviews the current theories as to 
the nature of the mosaic causal agent. Kunkel (1925) summar- 
izes the established facts as to the nature of the mosaic diseases. 

I shall endeavor to bring together, in a more compact sum- 
mary, the data relating to what seem at present to be the most 
outstanding phases of the subject. The voluminous literature 
on mosaic presents a wide range of observational and experi- 
mental material. I shall discuss it under the following headings: 
(1) External symptoms of the tobacco mosaic disease; (2) 
Symptoms of other mosaic and related virus diseases; (3) 
Range of hosts susceptible to mosaic and other virus diseases; 
(4) Strains of mosaic virus; (5) Methods of disease transmission; 
(6) Carriers of mosaic; (7) Filtration studies; (8) Properties of 
the virus; (9) Attenuation of the virus; (10) Effects of environ- 
ment on the expression of mosaic symptoms; (11) Culture of 
the supposed organism; (12) Nature of the causal agent. 


1. External symptoms of the tobacco mosaic disease 


Mayer (1886) was the first to investigate the tobacco mosaic 
disease, and to demonstrate its infectious nature. Beijerinck 
(1899) was the first to fully appreciate the biological significance 
of the mosaic disease of tobacco. He found that it is propagated 
as a filterable virus. He believed the disease to be essentially 
a malady of the chlorophyll bodies. When a plant is inoculated 
just below the tip, the leaves which develop in the course of the 
ten day incubation period remain helathy. The young leaves 
which develop later show, as he describes, a mottled appearance 
over their entire surface, due to the appearance of numerous 
yellow spots. The next leaves to develop show dark green 
blotches along the veins of the second and third order, while 
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the rest of the blade appears pale green. Sometimes the two 
colors fade gradually into one another, but more often the dark 
and light green areas are sharply differentiated. An arrest in 
the development of the midrib and principal lateral veins of 
the leaf occurs. Diseased leaves are distinctly smaller than 
healthy leaves, and often show the presence of blistered spots 
upon the blade. Finally, in the later growth of the plant, 
leaves may appear which are apparently normal, and these may 
be followed by normal flowers and fruits. 

Heintzel (1900) studied the mosaic symptoms on Nicotiana 
macrophylla and N. Tabacum. The disease symptoms in N. 
macrophylla, consist in the appearance of dark green spots along 
the veins of the youngest leaves; these leaves become misshapen, 
their margins being bent under, and their tips elongated into 
beaks. In N. Tabacum, Heintzel found the symptoms quite 
different: leaf deformation was seldom noticeable; the leaf 
margins were seldom bent under, or the blade wrinkled; he 
never found dark green areas along the veins in this species; 
on the contrary the entire leaf blade was dark green with light 
green spots scattered over the entire surface so that it appeared 
mottled. 

Iwanowski (1903) reports that the mosaic disease in Nicotiana 
Tabacum first becomes evident as a chlorosis of the leaves. He 
reports that often the dark green areas run along the veins 
only, but generally the two colors are intermingled irregularly. 
He also points out that the youngest leaves of the plant alone 
become diseased, and that the disease spreads from the point 
of inoculation to the growing point, affecting the new developing 
leaves. 

Allard (i1914a) finds that the character and intensity of the 
mosaic symptoms vary greatly, depending upon the age of the 
plants, rate of growth, and external conditions of the plants 
affected. He lists the symptoms which are characteristic of the 
disease in one or more of its phases as: (1) Partial or complete 
chlorosis; (2) Curling of the leaves; (3) Dwarfing and distortion 
of the leaves; (4) Blistered or ‘savoyed’ appearance of the leaves; 
(5) Mottling of the leaves with different shades of green; (6) 
Dwarfing of the entire plant; (7) Dwarfing and distortion of the 
blossoms; (8) Blotched and bleached corollas (in N. Tabacum 
only); (9) Mosaic sucker growths; (10) Death of the tissues 
(sometimes very marked in N. rustica). 
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Allard states that in plants approaching maturity, mottling 
in the upper leaves is the only sign of the disease. Actively 
growing plants may show fantastic ribbon leaves, and other 
irregular leaf outlines. Affected leaves often show abnormally 
thickened veins, reduction in area of the leaf blade, and the 
appearance of the striking, abnormal dark green blotches or 
patches which are often savoyed. Allard found that the flowers 
of N. Tabacum showed a distinct blotching or bleaching of the 
pink corollas. He also found distortion of the floral organs, 
the corollas misshapen, and containing within them partially 
developed and misshapen stamens and pistils, and small seed 
pods with shrunken seeds. 


2. Symptoms of other mosaic and related virus diseases of plants 


Dickson (1922) describes the mosaic symptoms of a number 
of plants affected with mosaic disease, including tobacco, 
potato, tomato, petunia, pepper, beans, raspberry, and others, 
and notes in a review of the symptoms in all these plants the 
similarity that exists. 

Smith (1891, 1894) describes the symptoms of two different 
diseases of peach trees which are evidently related to the virus 
diseases. Peach yellows is characterized by a red spotting and 
abnormally early maturity of the fruit. A premature develop- 
ment of ordinary winter buds, or of buds buried in the bark 
of trunks and limbs of the trees, into slender, pale shoots, or 
into branched broom-like growths occurs. The duration of the 
disease varies greatly, the symptoms progressing slowly from 
limb to limb. In peach rosette the whole tree is usually diseased, 
and six months is enough to destroy the entire tree. The 
disease becomes evident upon the unfolding of the short axis 
buds where compact tufts of from two hundred to four hundred 
diminutive leaves with as many misshapen stipules are found. 
The leaves appear stiff, due to a peculiar straightening of the 
midrib. The trees drop their fruit very early while it is still 
green or yellowish green. The prevailing color of foliage is 
yellowish green or olivaceous. The compact bunching of the 
leaves is very conspicuous and makes the tree look quite different 
from one affected with yellows. 

Chapman (1913) states that the leaves of mosaic diseased 
tomato plants are mottled, and appear stiff and badly curled. 
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The light green areas on the tomato fruits become yellowish, 
and in badly affected plants, purplish red. 

Allard (1916b) describes a mosaic disease of petunia plants 
in which the leaves are distorted, curled, and wrinkled, and 
show irregular dark green areas along the veins. He also 
(1918c) describes pokeweed mosaic as bearing a close resemblance 
to that of tobacco. McClintock and Smith (1918) describe 
the spinach blight disease as a specific disease differing from 
the mosaic disease of cucumber and tobacco in that the spinach 
plants are eventually killed by the disease. Doolittle (1918) 
describes the cucumber mosaic as causing a mottling, savoying 
and wrinkling of the leaves, dwarfing of the stems and petioles 
and the appearance of dark and yellow green areas on the 
fruits. The dark green areas are raised to form wartlike pro- 
tuberances. 

Ensign (1919) describes a mosaic disease of sweet potatoes, 
in which the leaves are dwarfed, malformed, and mottled, 
and the yield of roots considerably reduced. Brandes (1919, 
1923) describes the symptoms of the mosaic disease of sugar 
cane and other grasses as a mottling and striping of the leaves. 
In advanced stages of the disease, the plants are dwarfed, and 
yellowed, though seldom killed. 

Gardner and Kendrick (1921, 1924) describe a mosaic of 
soy bean in which the leaves are stunted and misshapen, and 
show puckered, dark green, savoyed areas along the veins, 
and a mosaic disease of turnips in which the leaves appear 
lighter green with dark green blisters or puffy areas scattered 
over the blade. Jagger (1921) describes a transmissible disease 
of romaine lettuce which is first evident as a yellow discoloration 
along the veins of young expanding leaves. Schultz (1921) 
describes a transmissible disease of Chinese cabbage, mustard, 
and turnip, in which there is a distinct mottling of the leaves, 
a distorting and ruffling of the leaf blade, and a dwarfing of the 
plant. Lyons (1921) describes three major diseases of sugar 
cane. Yellow stripe disease and sugar cane mosaic are said 
to be identical. ‘Sereh’ is a disease of sugar cane apparent in the 
formation of bushy tufts of leaves from an arrested growth of 
the canes! The Fiji disease is a third disease of the sugar 
cane, characterized by the appearance of galls or swellings on the 
under surface of the leaves. Dickson (1922) describes mosaiced 
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raspberry plants as bearing leaves mottled with dark and light 
green areas varying in shape and size. The leaflets are small 
and frequently deformed. The dwarfing of the plant varies in 
degree from hardly any to the production of very severely 
dwarfed forms in which the stems are also spindling. Melhus 
(1922) finds that the mottling and crinkling that are so charact- 
eristic of mosaic diseased plants are masked in egg plant (So/a- 
num Melongena) in the greenhouse in the case of plants that 
have passed the seedling stage. The only evidence of an ab- 
normal condition is the smaller size and the infectiousness of 
the juices when inoculated into tomato, where they produce 
typical mosaic symptoms. 

Rand (1922) describes the symptoms of pecan rosette as 
evident in an undersized and more or less crinkled leaf, which 
upon further development becomes mottled with chlorotic 
areas between the principal veins. The leaves are often mal- 
formed, with the leafblade suppressed, so that a midrib with 
merely a ragged edge of blade appears, a condition which suggests 
the frenching of tobacco leaves. Rankin and Hockey (1922) 
describe leaf curl or yellows of raspberry as differing from mosaic 
of raspberry. In leaf curl the leaflets appear darker green than 
normal, and the midvein arches downward. A similar arching 
of the lateral veins causes a downward curling of the entire 
margin of the leaflet. 

McKinney (1923, 1925) describes a rosette and mosaic 
disease of wheat and rye, in which the mottling consists of 
irregular streaks in the long axis of the leaves, and in which the 
plants are often dwarfed and inclined to excessive tillering. 
Carsner and Stahl (1924) describe the curly-top disease of the 
sugar beet as evident in a curling of the leaves, and the appear- 
ance of irregular swellings of the veins on the under surface of 
affected leaves. Marked phloem necrosis is produced through- 
out the plant. Doolittle and Jones (1925) describe a mosaic 
disease of peas and sweet peas, in which the leaves are mottled, 
with numerous small dark green areas occurring along the veins. 
Zeller (1925) describes loganberry dwarf as a disease in which 
the internodes appear shortened, and the leaflets small and 
yellowed. 
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3. Range of hosts susceptible to mosaic and other virus diseases 


Allard (1914a) found that the mosaic disease of tobacco 
is transmissible to many other species of Nicotiana. He states 
however that N. glauca and N. glutinosa were not affected. Ina 
later report (1916c) he claims that a mosaic disease of N. g/utinosa 
is distinct from that of tobacco, and that the only plant he 
found susceptible to both mosaic viruses was Datura Stramonium. 
Walker (1925) was able to transmit a mosaic disease from tobacco 
to N. glutinosa and from the latter to tobacco again, and also 
to tomato. He concluded therefore that there do not exist 
in Nicotiana two strains of tobacco mosaic as Allard claimed. 
Walker suggests that Allard ran his experiments during the 
winter months, when N. g/utinosa, because of retarded growth, 
does not show the symptoms of disease in a very decided manner. 
Johnson (1926) suggests that both Allard and Walker were 
probably working with ‘cucumber mosaic,’ which Johnson has 
found will produce typical mosaic symptoms in N. g/utinosa. He 
favors Allard’s interpretation of the existence of two strains of 
virus. 

Allard (1914a) was able to transmit the mosaic disease from 
tobacco to petunia, tomato, two species of Physalis, Datura, 
Solanum nigrum, and several species of Capsicum. He states 
that the mosaic disease of tobacco is distinct from that of 
pokeweed. Brandes (1919) found that more than a thousand 
varieties of sugar cane, including all the commercial varieties, 
are susceptible to sugar cane mosaic. Corn, sorghum, rice, 
millet, the crab grasses, fox tails, and Panicum were all found 
to be hosts of what appears to be an identical disease agent. 
Doolittle (1921) and Doolittle and Walker (1925) show that 
cucurbit mosaic is capable of transmission to a wide range of 
hosts, including milkweed, pepper, pigweed, wild cucumber, 
pokeweed, catnip, and all the species of Cucurbitaceae tested. 
Kunkel (1925) finds that aster yellows can be transmitted through 
insects to fifty different species of plants in twenty different 
families. The disease however shows great variation in the 
symptoms it produces in the different hosts. 

Elmer (1925) finds that he can cross-inoculate mosaic disease 
between hosts belonging to distinct orders and families. Artificial 
inoculation appears to be more difficult and the incubation 
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period longer when the cross inoculations are made between 
families than when the inoculations are made within the same 
family. For successful cross inoculations he recommends that 
the plants to be inoculated and the plants furnishing the virus 
should all be growing vigorously. 


4. Strains of mosaic virus 


The presence of two or more strains of virus native to a 
single plant, and even capable of producing distinctive sets of 
reactions within a given host, has been demonstrated in a number 
of cases. The most notable work on the existence of distinct 
strains of virus in the potato, and their isolation is that of 
Schultz and Folsom (1919, 1920, 1921a, 1923). They dis- 
tinguish seven distinct and transmissible degenerative diseases 
of potato, each with its own characteristic symptoms in the 
growth habits of the plant, in effects on the structure of the 
tissues of the stem, and in chlorotic leaf patterns. These 
diseases may be transmitted singly or in various combinations 
to healthy potato plants. The strains of virus are characterized 
as: ‘mild mosaic,’ ‘leaf rolling mosaic,’ ‘rugose mosaic,’ ‘streak 
disease,’ ‘leaf roll and net necrosis,’ ‘spindling tuber,’ and 
‘unmottled curly dwarf.’ All these diseases are believed to be 
due to distinct though similar viruses. 

Goss and Peltier (1925) confirm the work of Schultz and 
Folsom as to the existence of distinct strains of virus in potato 
which run true to type by tuber perpetuation when the possi- 
bility of infection with other virus diseases the previous year 
has been eliminated. Johnson (1924) has found that ordinary 
mosaic virus can exist simultaneously with the ‘mottle type’ of 
virus obtained from ‘healthy’ potatoes. The two viruses, when 
introduced into healthy tobacco plants, together produce a 
marked necrosis in the plant which neither virus alone ever 
produces. Dickson (1925) finds that the combination of two 
mosaic viruses, namely that of potato and that of tomato or 
tobacco (these two mosaics being considered identical), when 
inoculated into tomato, produce in the tomato a characteristic 
disease symptom of streaking or striping of the tomato stems. 

Fernow (1925) was able to distinguish eight distinct strains 
of mosaic virus. Johnson (1926) has found that tobacco 
plants are susceptible to at least five distinct strains of mosaic 
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virus: ‘tobacco,’ ‘cucumber,’ ‘petunia,’ ‘speckled’ and ‘mild 
tobacco’ mosaic viruses. 


5. Methods of disease transmission 


Although the mosaic and related diseases have been shown 
to be of an infectious nature in nearly every case, the natural 
methods of communication of the disease in the field, and the 
experimentally demonstrated methods of disease transmission 
are considerably varied. Mayer (1886) was the first to show 
the transmissibility of the tobacco mosaic disease. He pressed 
out juices of diseased plants, filled capillary tubes with them, 
stuck the tubes into healthy plants, and thus secured the disease 
in two or three weeks. 

a. Rubbing the plants with juices or stabbing them with a needle 
dipped in virus. In tobacco the disease is transmitted easily 
from one plant to another by gently rubbing some juice of a 
diseased plant on a healthy plant, or by inoculation with a 
needle dipped in virus. In these cases a single inoculation is 
sufficient to bring about a virulent attack of the disease. The 
extreme opposite of this is found in Johnson’s (1925) report of 
transmission of disease to healthy tobacco plants by the use 
of juices from healthy potato plants as the source of the inoculum, 
in which he finds that more than twenty inoculations are neces- 
sary to bring about infection. 

Allard (1917) found that spraying or dropping the virus 
upon tobacco leaves had no effect. If the leaf is uninjured, no 
infection will take place. Rubbing the leaves with the virus, 
produces the infection by breaking the trichomes. Again he 
found more than one inoculation, or several inoculations at 
various points, more effective than a single inoculation. 

b. Transmission by grafting. Smith (1891) found in the 
case of peach yellows and peach rosette, that even seemingly 
healthy buds from diseased trees, when grafted upon healthy 
trees, would produce the disease in these trees. Baur (1906, 
1907) found that the infectious chloroses of certain variegated 
species of Malvaceae could not be transmitted by means of inocu- 
lations of juices obtained from the variegated plants, but only by 
means of grafting. Smith and Bonquet (1915) found that the 
curly top disease of sugar beet is transmissible by grafting buds 
connected with wedge shaped pieces of root tissues from diseased 
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beets into shoulders of healthy ones. McClintock (1923) 
verified Smith’s claim that peach rosette is an infectious mosaic 
capable of transmission only by grafting buds of diseased plants 
upon healthy plants. 

c. Transmission by insect sting or feeding. Shaw (1910) found 
that the leaf hopper Eutettix tenella introduces the active agent 
of the curly leaf disease into healthy beet plants. It seems 
possible also that some developmental stages of the virus are 
also gone through within the insect’s body, since the insects are 
unable to communicate the disease until one or two days have 
elapsed from the time of feeding on infected plants. Allard 
(1914a) found that the aphid Macrosiphum Tabdaci is a carrier 
of the mosaic disease of tobacco. McClintock and Smith (1918) 
found that the spinach blight could only be transmitted by 
means of aphids. They found that.the causal agent of the 
disease could be transmitted by aphids to their offspring which 
in turn could produce spinach blight in healthy plants. 

Brandes (1920) found that artificial inoculation of sugar 
cane mosaic was rather difficult, but he did succeed in com- 
municating the disease to healthy plants in the greenhouse by 
hypodermic injections at the growing points of the expressed 
juice from diseased plants. The same author (1923) has des- 
cribed the mechanics of inoculation with sugar cane mosaic by 
Aphis maidis, which may simply act as a vector or possibly as 
an intermediate host. 

Severin (1922) found that the beet leafhopper Eutettix tene/la, 
which carries the agent producing the curly leaf disease in beets, 
is non-virulent when it hatches from the egg. A minimum 
incubation period of the causative agent in the beet leafhopper 
is four hours at the following temperatures: maximum, 103° F; 
minimum, 94° F; mean, 100° F. 

Wilcox and Smith (1924) found that the aphid, 4mphoro- 
phora rubi, when transferred from healthy raspberry to mosaic 
disvased leaves of King red raspberry, and then placed upon 
young tip leaves of healthy Kansas black raspberry, could induce 
the mosaic symptoms. 

Kunkel (1925) found that the leaf hopper Cicadula sexnotata 
is the specific carrier of aster yellows. Olitsky (1925b) found 
that the mealy bug Pseudococcus citri, can spread the mosaic 
disease of tobacco to healthy plants. Doolittle and Walker 
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(1925) found that three insects are instrumental in carrying 
cucurbit mosaic from its numerous wild hosts to the cultivated 
cucurbits; they are the cucumber aphid, the striped beetle, 
and the twelve-spotted beetle. 

d. Seed transmission. It is generally accepted in the litera- 
ture that tobacco mosaic is not transmissbile through the seed. 
Allard (1915b) believes this is due to the fact that embryonic 
development never proceeds in those ovules actually invaded 
and infected by the virus. He asks the question, “What 
protects the embryo so securely from the mosaic disease even 
though associated with and nourished by infective parental 
tissue?” Quanjer (1920) suggests as an answer that if we 
suppose the causal agent of mosaic to be an ultra microscopic 
one, one can readily understand how the embryo would be 
protected from infection. The connection of the phloem strands 
with the embryo is twice broken, once between the mother 
plant and the endosperm, and the second time between the 
endosperm and the embryo. The embryo feeds by osmosis 
and can only absorb fluid matter. . 

For this theory one must accept what has not at all been 
demonstrated, that the virus travels through the phloem strands 
only; and second, that a living parasite could not of itself enter 
the embryo, but must necessarily be barred by a plasma mem- 
brane. 

Reddick, Donald and Stewart (1919) found that the mosaic 
of beans is transmitted through the seed. Gardner and Kend- 
rick (1922) grew 20,000 tomato plants obtained from seed 
of diseased fruits, and found no evidence that tomato mosaic 
is carried though the seed. Newhall (1923) states that lettuce 
mosaic is frequently transmitted through the seed. Brandes 
and Klaphaak (1923) in testing for seed transmission among 
a number of grass species susceptible to sugar cane mosaic, 
secured only negative results. 

Doolittle and Walker (1925) report that the seeds of wild 
cucumber carry the mosaic virus, but those of cultivated cucum- 
ber give only doubtful results. Doolittle and Jones (1925) 
report that 1900 pea plants of several varieties of peas were 
grown to maturity from seed obtained from mosaic diseased 
plants. The plants were covered with cheese cloth cages 
to prevent insect contamination. None of these plants showed 
any evidence of mosaic. 
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e. Soil transmission. Beijerinck (1899) found that when 
healthy plants are put into pots containing soil in which the 
virus is present, the plants became diseased. He suggests the 
probability however that the roots may be injured in some way 
and enable the virus to enter. Allard (1914a) placed healthy 
plant material in soil in which diseased plants had been grown, 
but did not observe any sign of infection. 

Quanjer (i920) reports that in leaf curl or curly dwarf of 
potato, infection passed through the soil, and that in a heavy 
clay soil only the very nearest neighboring plants will be in- 
fected, while in light sandy or peaty soil, the infection may pass 
on to the third, fourth, or fifth plant. Other investigators doubt 
this and believe the infections occurred through insect trans- 
mission, as Quanjer did not attempt to protect his plants from 
insects. This is the suggestion of Schultz and Folsom (1921) 
who obtained only negative results with soil transmission 
experiments. 

Recently McKinney (1925) reports that the causal agent 
of wheat and rye mosaic may persist in the soil and cause in- 
fection of young plants. He finds the causal agent persisting 
in fine river soils for at least six years, and that susceptible 
varieties of wheat never fail to develop the disease when grown 
in such infested soils out of doors. 


6. Carriers of mosaic 


Nishamura (1918) transmitted the mosaic disease of tobacco 
to Solanum aculeatissimum and to Physalis Alkekengi. He 
found that the latter did not show the symptoms when inoculated 
but that its juices now contained the infectious principle, which 
is able to induce the mosaic disease in tobacco when inoculated 
into that plant. This species of Physalis acts as a symptomless 
carrier of the mosaic virus of tobacco. 

Carsner (1919) and Carsner and Stahl (1924) have found 
that the virus of the curly top disease of sugar beets can exist 
in certain plants, such as Chenopodium murale and Rumex 
crispus and others, without any external evidence of disease 
appearing in these plants. The virus, however, becomes 
attenuated, so that when injected into beets again it produces 
a milder phase of the disease. These plants evidently act as 
carriers of the curly top virus of beets. 
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Schultz (1925) has described the appearance of a form of 
necrosis or ‘streak’ disease of potatoes resulting from cross 
inoculations of juices between healthy potatoes. He suggests 
that these healthy potato plants were acting as carriers of the 
viruses, since they are themselves susceptible to ordinary streak 
disease of potato and showed no sign of the disease. 

Johnson (1924, 1925) reported several new mosaic diseases 


in tobacco produced by inoculating healthy tobacco plants with - 


the juices of what are apparently healthy potato plants or 
potato tubers. He has also suggested that these apparently 
healthy potato plants may be acting as carriers of several 
distinct potato viruses. 


7. Filtration studies 


With the continued failure to find a visible organism as the 
causal agent of the mosaic and allied diseases, investigators 
subjected the expressed juices to all sorts of experimental 
proceedures in the hope that their results would show the true 
nature of the causal agent. 

Iwanowski (1892) was the first to demonstrate that the 
causative agent of a disease could be passed through a bacterial 
filter, when he found that the juices from diseased tobacco 
plants after passage through the Chamberland bacterial filter, 
still retained their infectious properties. Beijerinck (1899) 
and Iwanowski (1903) agree that the passage of the virus 
through the filter seems to render the virus less virulent. The 
finer the pores of the filter, and the less the pressure, the weaker 
will be the infective qualities of the filtrate. Iwanowski believes 
that this suggests that the infective particles are actually being 
held back by mechanical means, and therefore the virus is not 
of the nature of a fluid. 

That there is a limit to the possibilities of passage through 
bacterial filters by the virus is evident from Allard’s (1916a) 
studies. He found that filtration of the virus of tobacco mosaic 
through a normal Berkefeld filter did not deprive the juices of 
their infective properties, but that there was evidence that the 
virus had become attenuated and less infectious. When the 
virus was filtered through a Livingston atmometer cup, the 
virus was completely gone from the filtrate. 

Duggar and Armstrong (1923) reported that it was possible 
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to find a filter which, in a given interval of time, at a given pres- 
sure, permitted only a relatively small number of the infectious 
particles to pass through. A standardization of the filters was 
accomplished by testing their capacity to permit or prevent the 
passage of colloidal particles of known or approximately known 
sizes to pass through. It was found that the infective particles 
of mosaic disease approximate in size those of a fresh 1 per cent 
haemoglobin solution, the particles of which are 30 wy in size. 
This was shown when the 1 per cent solution of haemoglobin 
particles passed easily through the two filters through which 
the tobacco mosaic particles also passed easily, but did not pass 
through any of the rest, as was also true for the tobacco mosaic 
particles. 


8. Properties of the virus 


Beijerinck (1899) found that heating the virus to the boiling 
point killed it. The critical temperature lies between 70° and 
80° C. At go° C. the virus loses its virulence. Dried mosaic 
leaves preserved in the herbarium retained their infectious 
properties for two years. An alcohol precipitate from the 
expressed juices of diseased plants retains its virulency after 
dessication at 40° C. The contagious stuff can conserve its 
virulency in dry soil through an entire winter. 

Allard (1914a) also found that the causative agent showed 
a high degree of resistance to the ordinary destructive agencies. 
He (1916a) found that the infective properties are destroyed by 
the higher alcohols, an 80 percent solution of ethyl alcohol 
destroying the infectious nature of the virus in half an hour. 
Hydrogen peroxide will destroy the peroxidase in the virus 
without destroying the infectious particles, but a concentration 
point may be reached where the excess of peroxide also kills 
the infective particles. Ether, chloroform, carbon tetrachloride, 
toluene, and acetone do not extract the infective material or 
destroy it. Allard (1918) found that mercuric chloride affected 
the virus very little, but that copper sulphate was rather toxic. 
When mixed with talc, kaolin, or soil, the virus loses its proper- 
ties more quickly than when bottled without any preservative 
at all. Allard (1914a) found that the bottled sap of diseased 
plants after undergoing fermentation was able to produce 
infection four or five months later. 
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Dickson (1925) used the unfiltered expressed juices of mosaic 
diseased plants preserved in a small bottle since 1920, and only 
protected from contamination by a layer of t oluene, to inoculate 
plants in 1925. He found the juices still retained their infectious 
properties, since all the plants inoculated became diseased. 

Duggar and Armstrong (1923) found that the virus of 
tobacco mosaic resisted dehydration with acetone and alcohol. 
It could not however withstand complete dehydration. When 
compared with the spores of Bacillus subtilis the virus is less 
resistant to dehydration. The authors studied also the effects 
of grinding on the infectivity of the tobacco virus. They found 
the virus highly resistant to protracted grinding. 

Walker (1926) found that the infective principle contained 
in the expressed juices from mosaic disea sed tomato and ground 
cherry plants can resist ageing, drying, heat, alcohol, dilution, 
and filtration in the same way that the tobacco virus has been 
shown to do, but that the virus of cucumber is much less resistant. 


9g. Attenuation of the virus 


Beijerinck (1899) secured an attenuation of the virus of 
tobacco mosaic. By mixing the virus with a culture of Bacillus 
anglomerans (an organism isolated from mosaic diseased tobacco 
plants) a new symptom was produced in the leaves, in which 
the leaves were spotted with light green blotches showing 
complete loss of chlorophyll, and the leaves looked very much 
like types found in decorative variegated plants. Inoculation 
of plants with virus mixed with formalin did not produce the 
disease in the plants, but instead this same sort of variegation. 
When the virus was allowed to remain a long time with the 
formalin it produced no effects upon the plant at all. 

Allard (191$a) in testing the effect of dilution upon the 
infectivity of the virus, found that dilutions of one part of 
virus in one thousand parts of water were just as effective in 
producing the disease as the original undiluted virus. One part 
of the virus in ten thousand parts of water gave evidence of 
attenuation. A dilution of the virus of one part in one million 
parts of water gave no infection at all. 

Carsner and Stahl (1924) and Carsner (1925) found that the 
passage of the virus of curly top disease of sugar beet through 
the nettle-leaved goosefoot, Chenopodium murale, or through 
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Rumex crispus, and Suaeda Mogquini, attenuated the virus to 
such a degree that when transmitted to healthy sugar beets 
it produced only a mild phase of the curly top disease in those 
plants. 


10. Effects of environment on the expression of mosaic symptoms 


Lodewijks (1910) experimented with different colored lights 
upon the expression of mosaic symptoms in tobacco plants 
affected with the mosaic disease. When the upper part of a 
diseased plant was covered with a red jar, the spots on the 
diseased leaves tended to spread out and become less noticeable. 
The youngest leaves showed only a few light spots, and the new 
leaves were pure green. When the upper diseased portion of 
the plant was covered with a blue jar, recovery took place in 
15 days, new leaves and old leaves appearing pure green. His 
explanation of this is that the formation of virus (toxin) is 
inhibited in the upper leaves by the weakening of the illumina- 
tion, while the healthy lower leaves can build anti-virus to 
combat the virus in the upper diseased regions of the stem. 
Freiberg (1917) regards Lodewijk’s results as simply due to 
shading of the plants. The cutting off of the light thus reduced 
metabolic activity and growth, and so the symptoms of the 
disease were masked to a greater or less degree. 

Johnson (1922) found that the optimum temperature for 
the expression of mosaic disease symptoms in the potato lies 
between 14° and 18° C., and that above 20° C. the symptoms 
disappear. A temperature of 24° to 25° is necessary to com- 
pletely inhibit the disease. Tompkins (1925) found that 
relatively short exposures to high temperatures are sufficient to 
completely mask mosaic symptoms in potato. 

Goss and Peltier (1925) also found that temperature has 
a pronounced effect upon the masking of mosaic symptoms as 
expressed in the foliage. The mottling of ‘mild mosaic’ of the 
potato disappears entirely above 25° C. from young developing 
shoots, and the symptoms are often so masked that the plants 
appear healthy. The ‘rugose mosaic’ symptom of diffuse 
mottling was not changed by high temperatures. It was found 
that plants affected with ‘spindling tuber’ showed an increase 
in the severity of the symptoms of ruffling and uprightness at 
higher temperatures, but masking of the symptoms at lower 
temperatures (the reverse of ‘mild mosaic’). 
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11. Culture of the supposed organism 

Olitsky (1924, 1925a) reported that he had grown the active 
agent of tobacco mosaic in culture. The medium employed 
was an aqueous extract from healthy leaves and stems of tomato 
plants. Staining and dark field illumination of the material 
of the cultures showed merely a greater number of granules in 
the mosaiced cultures than in the control. Since in the succes- 
sive subplants a dilution of the virus had been reached far 
beyond that of 1 to 1,000,000, Olitsky assumed that multiplica- 
tion of the virus must have taken place, as otherwise the final 
material could not have been infectious. Mulvania (1925) and 
Purdy (1926) report the repetition in every detail of Olitsky’s 
experiments, but do not confirm his results. They found no 
indication of an increase in the virus in their successive transfers 
to new subplants. 


12. Nature of the causal agent 


Beijerinck (1899) decided that the causal agent of the virus 
diseases of tobacco must be in the nature of a contagious solu- 
tion—a contagium vivum fluidum. He came to this conclusion 
upon finding that the infectious material of diseased leaves was 
able to diffuse downward through agar plates.. He decided that 
since the virus was able to diffuse through the agar, it must be 
in the nature of a liquid, and water soluble, rather than corpuscu- 
lar. From the fact that a very minute quantity of the virus, 
when introduced into a plant, will produce the disease, and that 
from this diseased plant one can now obtain an indefinitely large 
quantity of-virus with which to inoculate other plants, Beijerinck 
concluded that the virus must multiply within the inoculated 
plant. It thus appeared to him that the causal agent must be 
of the nature of a living contagious liquid. 

Woods (1899, 1900) attributes the mosaic disease to an 
excessive accumulation of oxidizing enzymes in the tobacco 
plants, so that they are unable to develop a normal amount of 
chlorophyll, and hence appear badly nourished. He suggests 
that under certain conditions, such as partial starvation brought 
on by fungus, bacterial, or insect attack, or by unsuitable 
conditions of soil nourishment, the enzymes in the plant become 
more active or else are produced in abnormally larger quantities. 
Since chlorophyll is converted by oxidizing enzymes into xantho- 
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phyll, an abnormal quantity of enzyme in the plant tissue will 
produce the variegations in the coloring of the leaves such as are 
present in ornamental plants and in the leaves of mosaic diseased 
plants. He reports that the peroxidases were twice as strong 
in the light colored areas as in the green areas of diseased leaves 
or in healthy leaves. 

Iwanowski (1903) concluded that the causal agent of the 
tobacco mosaic disease is bacterial. Although he found amoe- 
boid bodies in contact with the nuclei of the cells in the diseased 
areas of the leaves, he suggests that they must be products of 
amitotic nuclear division or reaction products of the cells to 
the disease, and cannot be the causal organisms of the disease, 
since bodies as large as these could not possibly pass through 
a bacterial filter. Stained sections revealed the presence of 
bacteria lying in zoogloea-like masses in the cytoplasm. These 
bacteria were in the form of very minute, short rods. He was 
unable however to successfully culture a bacterial organism 
which would produce the mosaic disease. 

Hunger (1905a, b) regards the mosaic disease of tobacco as 
having the nature of a Stoffwechselkrankheit in which the 
causal agent of the disease is not a living organism but of the 
nature of a toxin. This toxin, phytotoxin, can arise autonom- 
ously in the cell and be carried over into other plants. The 
toxin is distinctly localized because some localized factor has 
disturbed the metabolic activity and the assimilation of the 
particular cells in which it appears. Its effect upon other cells 
is to cause the cells to manufacture more toxin like itself. 

Allard (1916a) states that all the evidence at hand in regard 
to the mosaic disease of tobacco indicates that the causal agent 
is an ultramicroscopic parasite of some kind. He disputes 
Woods’ claim that it is the excessive oxidizing enzymes present 
in diseased tissues which produce the disease. When the juices 
of diseased plants are passed through the Livingston atmometer 
cup, the virus is entirely removed from the filtrate, since inocula- 
tion experiments with the filtrate show that it has lost all its 
infectious properties. However the filtrate still shows an intense 
peroxidase reaction. 

Palm (1922) observed the presence of two kinds of foreign 
elements in mosaic diseased tissue of tobacco plants. Large 
amoebiform, or spherical bodies were frequently found lying 
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in intimate contact with the nucleus of a cell or in its vicinity. 
The bodies did not appear to have any definite structure, 
although one or more hollows resembling vacuoles could be 
made out, and when well stained, the presence of one or more 
granules within them. In cells containing these bodies, minute 
granules were also found. The granules lay in irregular con- 
glomerations in the cell lumen, and often completely filled it. 
Palm concluded that the irregularly shaped corpuscles are only 
reaction products of the disease. The minute granules are 
considered homologous with the so called corpuscles of Garnier, 
which are found in the affected tissues of small pox patients, 
and associated with other virus diseases of man and animals. 

Freiberg (1917) concluded that the properties of the in- 
fective principle of mosaic substaniates the view that the infecti- 
ous substance is an enzyme and nota virus. This conclusion is 
reached because the various experiments of Allard and others 
have simply shown characteristics of the virus that may be 
true also of enzymes, as for example: the temperatures which 
destroy the virus also are those which inactivate enzymes; the 
infectious properties of the virus are destroyed by the same- 
concentrations of alcohol which destroy enzymes. 

McWhorter (1922) describes the presence of amoeboid bodies 
in the cells of galls caused by the Fiji disease of sugar cane. 
He believes these represent living organisms. He was able to 
cultivate them in hanging drop cultures. They reproduce in 
two ways: (1) by a simple constriction into two; and (2) by 
gemmation or the constriction off of small parts of the original 
body each containing a chromidial fragment of the original 
body nucleus. When the host cell walls of the gall begin to 
thicken, the bodies cease to divide, round up, and become 
encysted. 

McKinney, Eckerson, and Webb (1923) describe the occur- 
rence of intracellular bodies associated with wheat rosette and 
mosaic disease. They conclude the bodies are not artifacts, but 
are uncertain as to whether they represent living organisms or 
are formed by the reactions of the cells to the disease. The 
intracellular bodies are present in the crown tissue of winter 
wheat in late winter and early spring. As the disease progresses, 
the bodies become distributed throughout the entire plant and 
occur in the roots, crown tissue, leaf sheaths, and leaves. They 
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vary in form, being round to oval, irregular, or very long. They 
seem to increase in size with the age of the cell. Minute bodies 
are found in the very young cells of the central and lateral buds. 
These increase in size until large bodies are found in the oldest 
cells of the leaf sheaths and crowns. The bodies are homogeneous 
in content, and contain large and small vacuoles. In fixed 
material, they appear to be bounded by a membrane. The 
vacuoles often are surrounded by a densely staining ring and 
contain granule-like or elongated bodies, the structure of the 
vacuole suggesting a nucleus. The bodies did not appear to 
show any independent movement, but moved from place to 
place with the streaming cytoplasm. 

Smith (1924) found amoeboid bodies in the cells of mosaic 
infected potato leaves. He suggests that these bodies are 
degenerated products of the nucleus of the cell, effects of the 
virus rather than the cause of the disease. 

Rawlins and Johnson (1925) describe the presence of amoe- 
boid intracellular bodies in the cells of diseased tobacco leaves. 
They studied leaves showing different stages in the development 
of the disease, but did not come to any conclusion as to the 
existence of a possible cycle or evolution of the various sized 
bodies and various shaped forms they found in the diseased 
tissues. They found that the presence of the bodies in young 
dividing cells does not hinder or distort the cell division. They 
saw no evidence that the bodies divide or reproduce. They 
found that the vacuolate bodies often contained dark staining 
granules in their vacuoles which suggest the structure of nuclei 
found in some Amoedae. 

Kunkel (1925) is of the opinion that the intracellular bodies 
associated with so many of the virus diseases must be of the 
nature of living organisms. The amoeboid form found in the 
tissues may represent perhaps only one stage in the life of the 
causal agent. He suggests that at one time they may be very 
minute and plastic enough to pass through bacterial filters, 
and only become visible after a certain period of growth within 
the host cell. In corn he reports (1921) that the bodies are only 
found in diseased tissues and never in the dark green parts or 
in healthy plants. Their protoplasmic appearance, their stain- 
ing reactions, their amoeboid shape, and position with reference 
to the nucleus of the host cell, suggest that they are probably 
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living organisms. He does not believe that waste products in 
a cell would show these characteristics. In connection with a 
study of the Fiji disease of sugar cane, Kunkel (1924a) again 
states that the bodies associated with this disease appear to be 
living organisms, in that they grow and divide, and are found 
only in the tissues of the gall and spread with its growth. 

Eckerson (1926) describes the appearance of motile organisms 
in the form of tiny flagellates in tomato after inoculation with 
tomato mosaic virus. 


Il. A DEVELOPMENTAL STUDY OF THE LEAF SYMPTQMS AS 
EXPRESSED IN THE LEAF PATTERNS OF DISEASED LEAVES 


I have undertaken a more intensive study of the symptoms 
of tobacco mosaic with the hope of adding to our knowledge of 
the effects of the causal agent, whatever it is, on the structure 
and functions of the diseased cells. Such knowledge is necessary 
if we are to understand the relations of the filterable virus 
diseases to the phenomena of variagation, physiological chlorosis, 
etc., of which the effects in leaf coloration are so similar in many 
cases to those of true mosaic. Further such data are necessary 
as a basis for more accurately judging the evidence for the 
existence of specific strains or races of mosaic viruses. As is 
well known, potato mosaic exists.in a considerable series of 
distinguishable forms. I have found some evidence for the 
existence of a second strain of tobacco mosaic. For the adequate 
differentiation of such variants, full knowledge of the visible 
effects they produce in the diseased cells is essential. 

In my experimental work with the mosaic disease of tobacco, 
I have used only plants of Nicotiana Tabacum grown from com- 
mercial seed of the variety known as Connecticut Seed Leaf 
(Connecticut Broadleaf Tobacco). These plants take the disease 
very easily, and have shown very uniform growth and inherited 
vigor when grown under identical conditions of culture, and 
continuous repotting. I have aimed at an intensive study of a 
single strain as preliminary to a comparative study which must 
include other strains and species. 

Plants of this strain which are of uniform age and under 
uniform ‘cultural conditions, when each is inoculated in the 
corresponding leaf and with virus obtained from a single diseased 
leaf, show a remarkable degree of uniformity in the leaf pattern 
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symptoms. This is true, not only for a single stage, but for 
all the successive stages in the development of the disease. So 
far as I can find from the literature, no one has described as such 
the developmental series of leaf patterns peculiar to tobacco 
mosaic. The symptoms listed below have all been noted, but 
not as occurring in any definite sequence or at any definite period 
after inoculation. 

The succession of leaf patterns described here has been 
found to occur repeatedly when the plants are grown under uni- 
form conditions and inoculated by uniform methods in the 
corresponding leaves. I have kept a record of the position of 
each leaf and its size, with the particular symptom pattern which 
appears upon it first after inoculation, and of the succession of 
patterns which occur: later on it and on the other leaves of the 
same plant. I have also studied cytologically the modifications 
of structure in such leaves. 

Although in a given series of plants we may have any one 
pattern type present in a varying number of leaves, nevertheless 
there is a distinct correlation evident between the particular 
pattern type exhibited by a leaf and the following conditions: 
first—whether the leaf was fully formed, in an embryonic condi- 
tion, or not yet started at the time of the inoculation; second— 
the position of the leaf with respect to what I shall call the 
critical leaf (the leaf nearest to the inoculated leaf which on the 
appearance of the disease shows the most pronounced symptoms); 
third— the position of the leaf with respect to the base of the 
plant, that is whether it occurs in the region of the stem of less 
or greater elongation; fourth—the length of time the disease 
has been evident in the leaf. My experience with the variety 
of tobacco I have used, namely Connecticut Seed Leaf, and with 
the strain of virus I have had, shows that, in this case at least, 
a distinctive series of leaf patterns will regularly be found. 


Classification of pattern types 


I have been able to distinguish and photograph a series of 
specific disease patterns and have found that the occurrence of 
each is correlated with the size and age of the leaf at the time 
of the entrance of the virus into it. The pattern istelf is brought 
about by the specific effect of the virus upon the cells at each 
successive stage in the histogenic development of the stem and 
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leaf tissues. I am naming tentatively and presenting a brief 
descriptive outline of the six pattern types that I find, and the 
cytological structure of which these patterns are the visible 
expression. 

Type 1: Dark, vaguely blotched (PLATE 19). Type I is a 
pattern characteristic of large, well developed leaves, and evident 
only in a rather even mottling, consisting of paler green rounded 
areas in the general dark green of the leaf blade. Cytological 
study shows that the leaf has attained to mature anatomical 
structure, and that this type of mottling is due to the effects of 
the virus upon the cell contents. All the cells in the lighter 
areas present about the same appearance as to the structure 
of the nuclei, the density and distribution of the cytoplasm, 
and the presence of the striated bodies and x-bodies. The 
difference in color must arise from the effects of the disease 
upon the chlorophyll and the plastids. The paler color found 
in the blade of the living leaf is evident in fixed sections only 
in the different staining reaction of the starch in the plastids 
of the two regions. The starch of the plastids of the lighter 
green regions stains red or reddish blue, while that of the darker 
regions stains blue. 

Type 2a: Pale crinkled (PLATE 20, FIG. 1). Pattern type 2a 
is characteristic of leaves which have not attained their full size 
at the time of inoculation, and continue to grow during the 
incubation period. This pattern is characterized by the pale 
green color of the leaf, which is retained throughout the life 
of the leaf, and the appearance of faint lighter green spots or 
areas (pale mottling) in the centres of the vein islets. The 
veins are decidedly prominent, and appear whitish in color. The 
blade is also markedly crinkled. 

Type 2b: Pale vaguely blotched (PLATE 20, FIG. 2). A leaf 
showing pattern type 2a (pale crinkled), upon further expansion, 
presents a more flattened blade, which is still very light green 
in color and shows the earlier rather vague mottling a little 
more definitely. This later and older phase of the disease 
pattern is designated as type 2b. Both leaf patterns (types 
2a and 2b) show upon sectioning a more or less uniform type 
of anatomical structure throughout the blade. The cells are 
smaller than those in type 1 (dark, vaguely blotched) since these 
eaves are in reality younger than those showing type 1. Again 
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the vague mottling is evident in sections only by the staining 
reactions of the plastids, those in darker green areas staining 
more blue than those in the lighter areas, which stain with a 
slight bluish red tinge. All the cells show the presence of striated 
bodies, x-bodies, and other signs of disease, such as the presence 
of thick bridges of cytoplasm lying across the single vacuole of 
the cell, and enlarged nuclei. 

Type 3: Narrow nervisequum (PLATE 21, FIG. 1). Type 3 is 
a pattern, shown by leaves which develop immediately after 
the initial appearance of the disease symptoms described as 
types 1 and 2a, on young leaves present on the plant during the 
incubation period. In this pattern we find narrow bands of 
very deep green along the smaller veins only. These bands are 
more or less uniformly scattered over the blade, which is itself 
in ground color a very light shade of green. The cells of the 
dark green areas alone contain normal plastids. More generally 
the dark green areas show an anatomical structure very dif- 
ferent from that of the light areas. There are two layers of 
palisade cells in them, and the blade is seven layers thick, as it 
is in a healthy mature leaf. No striated bodies or x-bodies 
occur in these dark green areas. The cells contain healthy 
plastids, and these usually larger than they are in corresponding 
cells of healthy leaves. The greater part of the leaf blade, 
which is very light green in color, shows only six layers of cells, 
such as are found in very young leaves, no differentiation of 
palisade cells, and the cells are all cuboidal in form in all the 
layers. Although retaining the embryonic cell form, the cells 
show the content of mature cells. There is a single central 
vacuole, and the few plastids lie in the primordial utricle about 
the walls. The cells contain numerous striated bodies and 
x-bodies. 

Type 4: Malformed, broad nervisequum (PLATE 21, FIGS. 2, 3). 
The leaves that develop from the young primordia arising on the 
growing point after the initial appearance of the disease symp- 
toms exhibit pattern type 4. Type 4 shows dark green areas 
in wide bands along the more important secondary veins of 
the leaf, while the portions of the blade between them are very 
light green in color. These leaves, since they have contained 
the virus from their early primordium stage at the growing point, 
show the most marked effects of the disease. The leaf blade 
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is contorted and ruffled, and its margins usually curled under. 
The margins are also lobed or crenately toothed, due to the 
inhibition of cell divisions at various points during the meriste- 
matic marginal growth of the young leaf. 

The cells in the light green areas show the original cuboidal 
form, while those in the dark green areas show all stages of 
histogenic development, according to the size and the age of the 
leaf at the time the sections are made. At a very early stage, 
the dark green portions themselves may show only the cuboidal 
cells or a single palisade layer of scarcely elongated cells. A 
young leaf will show only a single palisade layer of slightly 
elongated cells. A somewhat older leaf will show a single 
palisade layer with perhaps the third layer of cells slightly 
elongated, but no more so than is the case in a leaf of the same 
age upon a healthy plant. A somewhat larger leaf will show 
two palisade layers, but the cells of both these layers are in 
reality shorter than those in a healthy leaf of the same size, and 
much narrower. In these leaves, however, the dark bands re- 
main in this late histogenic stage of differentiation. 

Type 5: Pale, definitely blotched (pLaTE 22, Fic. 1). In 
pattern type 5, we have a blotched appearance of the leaf. 
The blade is a very light green in color, with slightly darker 
green round blotches scattered over it. Sections show that 
the cells of the different regions are practically alike, with a 
feebly developed single layer of palisade cells. The blotched 
appearance is wholly due to changes in the cell contents, there 
being more plastids and starch grains, and fewer striated bodies, 
in the darker spots of the leaf than in the lighter areas. 

Type 6: Irregular, narrow nervisequum (PLATE 22, FIG. 2). 
In pattern.type 6, the leaf is of a very light green color, with 
narrow green bands irregularly scattered along the smaller 
veins. The pattern and the histogenic structure of the light 
and dark green regions resemble those of type 3 (narrow nervi- 
sequum). The light green areas show six layers of cuboidal 
cells, while the dark green bands are made up of seven layers of 
cells, including two palisade layers. 


The development of the leaf patterns 


When a plant is inoculated in a leaf that is still actively 
growing, the mosaic symptoms may appear in all the younger 
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leaves above this leaf, and continue to appear with more or less 
virulency in all the new leaves formed upon that plant. In the 
earliest stages of the disease, the symptoms are first clearly 
pronounced in a leaf which is always above the inoculated leaf. 
Other leaves between it and the inoculated leaf may show 
disease symptoms too but of a less definite type. I shall refer 
to this leaf as the critical leaf, that is, the leaf which presents the 
first decided symptoms of the disease, and is nearest to the 
inoculated leaf. 

Figures 1-4, plate 18, illustrate the comparative sizes of 
leaves on a plant which, upon inoculation with the virus, and 
the initial appearance of the disease, will show the various 
pattern types previously outlined, and which are at certain 
stages of histogenic development to be explained later in a 
discussion of the histogenesis of healthy and diseased leaves. 
Figure 1 represents the leaf which will show type 1 (dark, 
vaguely blotched) pattern upon evidence of the disease in the 
plant. Figures 2 and 3 are of leaves which will probably show 
type 2a pattern (pale crinkled). Figure 4 illustrates the size of 
the leaf, which, together with even smaller leaves at the growing 
point, will upon further expansion during the initial appearance 
of the disease symptoms show at first extreme crinkling, like 
leaves of type 2a pattern, but will then show the characteristic 
narrow green bands along the finer veins of the blade character- 
istic of type 3 pattern. The leaves which develop from the 
growing point itself, after the presence of the virus in the plant, 
will show the later patterns. 

The leaves below the critical leaf and above the inoculated 
leaf may show faint but characteristic mottled effects. Such 
leaves exhibit the pattern which I have designated as type | 
(dark, vaguely blotched). Plate 19 is a photograph of a leaf 
of this type from a plant about one and a half feet high, in a 
twelve inch pot, and showing active growth, although diseased. 
The photograph was made with the aid of a yellow color screen, 
and transmitted light to bring out more distinctly the vague 
blotches characteristic of this pattern. 

Leaves showing type I pattern are those which have either 
reached maturity at the time of inoculation, or during the incu- 
bation period, and are capable of very little further growth. 
As cytological study shows, their histogenic ‘development is 
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complete and they show the anatomical structure of an adult 
leaf. The type 1 pattern is not found in plants inoculated in the 
tip of the plant when the inoculated leaf and the leaves be- 
low it are capable of considerable enlargement. As the photo- 
graph of plate 19 shows, this pattern is characterized by large 
blotches that are indefinite in outline, and scarcely paler than the 
surrounding areas. There may be a slight curling or ruffling 
present in the leaf blade. Such a leaf is ‘dark cress green’ in 
color, with blotches that are scarcely paler than the ‘dark cress 
green’ and barely darker than ‘cress green’ of Ridgway.2 The 
blotches are scattered more or less uniformly over the entire leaf. 
Such leaves may appear only doubtfully or vaguely mosaiced 
at the time when the disease makes its appearance in the critical 
leaf, but in a few days show the characteristic symptoms of 
type 1 as described. If many leaves intervene between the 
inoculated leaf and the critical leaf, those leaves nearer the 
critical leaf will change from doubtfully mosaiced to decidedly 
mosaiced sooner than those nearer the inoculated leaf. 

The critical leaf on a plant about a foot high, and growing 
vigorously (my plants at this stage are as a rule in twelve inch 
pots) always shows a definite leaf pattern that I characterize 
as type 2a (pale crinkled). This type of pattern is developed in 
leaves capable of growth not only at the time of the inoculation 
of the plant but also during the incubation period, and after the 
initial appearance of the disease symptoms. In transmitted 
light the leaf appears mottled because of the presence of slightly 
lighter regions in the center of each vein islet. Moreover each 
minor vein islet is raised or elevated in the center, giving the 
leaf as a whole a decidedly savoyed appearance. The veins 
appear very light and prominent in the depressions bounding 
the vein islets. Such a leaf is typically ‘cress green’ in color and, 
except when viewed by transmitted light, the shades of green 
can barely be differentiated. Figure 1 of plate 20 is a photograph 
of a leaf of this type from a vigorously growing plant, taken 
with transmitted light with the aid of a yellow color screen. 

A leaf of this type 2a (pale crinkled) is still capable of further 


2 The colors found in the leaf patterns have been named by comparison 
with Color standards and nomenclature by R. Ridgway, Washington, 1912. A 
list of the shades found in the leaf patterns and the percentages of green and yellow 
they contain will be found in TABLE 4 at the end of this section (see page 533). 
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growth and expansion. Type 2b (pale, vaguely blotched) 
develops directly from type 2a. Here the crinkled effect of the 
blade is considerably lost in the expansion of it, but the leaf 
never becomes entirely flattened out, as is clearly evident in the 
photograph of this type shown in plate 20, figure 2. The veins 
are still prominent, and the blade is in general of a ‘light cress 
green’ color. Leaves showing type 2a (pale crinkled) or 2b 
pattern (pale, vaguely blotched) in addition to the barely 
perceptible mottling, may show also a few ‘dark dull yellow 
green’ spots or blotches scattered irregularly over the leaf blade. 
These spots may increase in number, and become very much 
more prominent with the further growth of the leaf. They may 
also later even disappear or become very inconspicuous, in 
consequence of a loss of green color in them or of an increase of 
green color in the leaf blade in general. 

In the initial stages of the disease, the leaves above the 
critical leaf show the type 2a pattern (pale crinkled) in a less 
pronounced degree than the critical leaf. As the disease de- 
velops only a few of these (those immediately above the critical 
leaf) will develop the 2b pattern upon the expansion of the leaf. 
The youngest leaves develop a new pattern type which I have 
referred to as type 3 (narrow nervisequum). The early crinkkd 
effect is lost entirely, and the leaf appears smooth, and of an 
even ‘cress green’ color. Scattered regularly over the leaf there 
appear ‘dark dull yellow green’ blotches in the form of short 
narrow bands along the small veins. The dark green blotches 
are present most often along both sides of the veins, and often 
become bullate or savoyed. In plate 21, figure 1, is shown a 
photograph of a leaf of type 3 pattern taken with transmitted 
light. 

The leaves which appear later on the diseased plant, which 
were present as leaf primordia during the initial stages of the 
disease, show patterns of a type which mark the climax of the 
disease. All the symptoms are intensified, and include con- 
spicuous mottling, rolling, waviness of margin or ruffling, 
crenation or lobing of the leaf margin, marked savoying, and 
many other deformities in leaf structure, such as absence of a 
portion of the blade, the entire blade on one side of the midrib, 
or the entire leaf blade on both sides of the midrib aesrette 
This condition, type 4 (malformed, broad nervisequum), i 
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found in young leaves which develop from the growing point 
immediately after the appearance of the disease symptoms in 
the plant. The blotching consists of large ‘dark dull yellow 
green’ areas bullate or sunken, along the important secondary 
veins coming from the midrib. The blade between these deep 
green areas is ‘light cress green’ in color, and here and there 
smaller rounded ‘dark dull yellow green’ blotches may occur. 
The leaf blade generally remains: small and shows all degrees 
of malformation. 

Plate 21 shows photographs of leaves of type 4 pattern. 
Figure 3 is a typical leaf of this pattern produced upon a vigor- 
ously growing plant in a twelve inch pot, and shows the wide 
dark green bands that run along both sides of the secondary 
veins. Light green areas lie between the bands, and the remain- 
der of the leaf where the dark green does not occur is also light 
green. The entire margin of the leaf is curled under, and the 
crenate edge of the leaf blade, and the bullate character of 
the dark green areas are very clear. This photograph, and also 
that of figure 2, showing a similar pattern in a very young leaf, 
when the dark green areas are only feebly developed, were taken 
with transmitted light and the aid of a yellow color screen. 

The leaves which appear still later show type 5 pattern 
(pale, definitely blotched). In this pattern the leaf is ‘light 
cress green’ in color, and shows large slightly darker blotches. 
Very often types 4 and 5 occur together in different portions of 
the same leaf. Plate 22, figure 1 shows a photograph of a leaf of 
type 5 pattern. The leaf was photographed with transmitted 
light and shows type 4 (malformed, broad nervisequum pattern 
in the upper third of the leaf, and type 5 (pale, definitely blotch- 
ed) in the lower two-thirds of the leaf. The vaguely outlined 
blotches of this type are quite evident in the photograph, as 
well as the rolled margin of the leaf blade. 

During the remaining growth of the plant, the new leaves 
appearing show type 6 pattern (irregular, narrow nervisequum). 
In type 6 the leaves are of a somewhat darker green (‘parrot 
green’) upon which are scattered irregularly along the smaller 
veins ‘dark dull yellow green’ blotches, often depressed and 
savoyed. This type resembles type 3 pattern (narrow nervi- 
sequum) and may often persist until the flowers appear. The 
blotches found along the veins often are not definite narrow 
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bands, but fade out into the vein islets and show no sharp bound- 
ary. Plate 22, figure 2 is a photograph of a leaf showing type 
6 pattern in which the irregularly scattered bands of dark 
green are definitely bounded. The leaf is from a vigorously 
growing plant in a twelve inch pot, and the photograph was 
taken with transmitted light and the yellow color screen. 

This series of mosaic patterns may be modified by the age, 
vigor, and cultural conditions of the plants in various ways. 
Very young plants with about six or more leaves when diseased 
rarely show the series of symptoms described for larger and 
more vigorously growing plants. This is because all the leaves 
are still capable of extensive growth at the time of the inocula- 
tion. Type 1 (dark, vaguely blotched) is never found, and 
type 2a (pale crinkled) rarely, save perhaps in the largest 
leaves, upon the young plant. Type 4 (malformed, broad 
nervisequum) usually appears at once in the new leaves develop- 
ing from the growing point, and the leaf symptoms that follow 
are of the severest type, including extreme frenching and blister- 
ing. 

When two patterns occur together in a leaf, they are such 
patterns as one would naturally expect to appear together, 
that is, they belong together or follow one another in the develop- 
ment of the patterns. Types 4 and 5 occur most often together. 
In such leaves, type 4 pattern (malformed, broad nervisequum) 
is often at the tip of the leaf or in the upper third of the leaf, 
while type § pattern (pale, definitely blotched) is in the lower 
portion of the leaf. In the same way patterns 5 (pale, definitely 
blotched) and 6 (irregular, narrow nervisequum) occur together. 

Vigorously growing plants may show fewer leaves of type 
2 pattern and perhaps none of type 3. In a severely diseased 
plant, type 3 (narrow nervisequum) does not occur at all, and 
type 4 (malformed, broad nervisequum) may occur in several 
leaves, rather than in one or two, as is usual. However, no 
matter how many leaves there are of each pattern, or whether 
any of these pattern types are omitted, the sequence of the 
pattern types that are exhibited remains the same. The 
correlation between age and capabilities for expansion of the 
leaf, and the mosaic pattern developed is maintained. 

The evidence for the correlation between histogenic develop- 
ment at the time of infection and the type of leaf pattern de- 
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veloped is based on more than ten successive series of ten plants 
each, grown throughout the year, which were all intensively 
studied, as well as on many more series of plants upon which 
casual observations only were made. 

A series, whose data are given in TABLE I, consisted of a set 
of ten plants all of the same age, vigor, and cultural conditions 
of growth. The plants were two months old, growing vigorously 
and had been repotted into twelve inch pots a few days before 
their inoculation, June 13. They finally attained a height of 
five feet in spite of their diseased condition. Each plant was 
inoculated in the tenth leaf from the base of the plant with virus 
obtained from a single diseased leaf, and in each case the incu- 
bation period was six days, evidence of the disease appearing as 
types I and 2 on June Ig. 

In each case the critical leaf showed type 2a pattern (pale 
crinkled), but the critical leaf was not in all cases at the same 
interval above the inoculated leaf. In four plants—3b, 3h, 3i, 
and 3j—the critical leaf was the seventeenth leaf on the plant, 
leaving a gap of seven leaves between the inoculated leaf and 
itself. In three plants—je, 3f, and 3g—the critical leaf was 
the fifteenth leaf on the plant, leaving a gap of only five leaves 
from the inoculated leaf. In two plants—3c and 3d—it was 
the sixteenth leaf, and in one case—3a—the eighteenth leaf from 
the base of the plant. 

As shown in the table, the leaves between the critical leaf 
and the inoculated leaf showed the type 1 pattern (dark, vaguely 
blotched), while those above the critical leaf showed type 2a 
in the early stages of the disease. The youngest of the leaves 
showing type 2a pattern (pale crinkled) later developed type 3 
(narrow nervisequum) upon the appearance of dark green narrow 
bands along the small veins with the further growth of the leaf. 
Those leaves which developed during the last days, from June 27 
to July 8, showed pattern types 4, 5, and 6. 

In such a set of plants, all of the same age, vigor, and growth, 
all inoculated in a definite and corresponding leaf of the plant, 
with the identical virus obtained from the same diseased leaf, 
the pattern types and degree of virulency of the disease symp- 
toms will correspond all through the series in their initial appear- 
ance and subsequent development. The leaves on the plants 
at the time of the inoculation, and the leaves which appear later 
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TABLE 1 


A record of the successive appearance of the mosaic disease patterns in ten plants 


PLANT INocuLATED | 3a | 3b | 3c | 3d | 3e | af | | gh | 3i | 33 
Leaf Date 
13 June 19 I 
20 1 
21 I 
23 I 
27 I 
July 8 1 
14 June 19 I 
20 I I I I 
21 I I I 
23 1? 1 I I I I 
27 I I I 
July 8 I I I 
15 June 19 I I ga | | 
20 1 1 I I 2a | 2a | 2a] 1 I I 
21 1 1 1 2a | 2a | 2a] 1 I I 
23 1 I I I 2a} 2a | 1 1 I 
27 I I 1 I 2a | 2a | 2a] 1 I I 
July 8 I I I I aa | 2a | 2a | 1 I I 
16 June 19 I 1 i 2a | 2a 1? | 1? | 
20 I I 1 I 2a | 2a I I 1 
21 1 1 1 1 2a | 2a ajt I I 
23 I 1 1 2a | 2a | 2a] 1 1 I 
27 I I 1 I 2a | 2a| 2a] 1 1 I 
. July 8 I I I I 2a | 2b| 2b] 1 I I 
17 June 19 2a | 2a | 2a aa | 2a | 28.) 2a.| 20 
20 1? | 2a | 2a | 2a | 2a?| 2a | 2a | 2a | 2a | 2a 
21 I 2a | 2a | 2a | 2a?| 2a | 2a | 2a | 2a | 2a 
23 I 2a | 2a | 2a | 2a?/ 2a | 2a | 2a | 2a | 2a 
27 1 ami * | 3 3 ‘ 
July 8 I 2b 2b | 3 3 
18 June 19 2a | 2a | 2a | 2a 2a 2a | 2a | 2a 
20 2a 2a 2a 2a 2a 2a 2a 2a 2a 2a 
21 2a | 2a | 2a | 2a | 2a | 2a | 3 2a | 2a | 2a 
23 2a | 2a | 2a | 2a | 2a | 2a | 3 2a | 3 3 
27 aaj} 2b] * | 2a 1 4 3 3 3 
July 8 2b | 2b 2b | 4 3 3 2b 3 
19 June 19 2a | 2a?| 2a | 2a 2a? | 2a 
20 2a | 2a?/ 2a | 2a | 2a | 2a?| 2a | 2a? | 2a | 2a 
21 2a | 2a?] 2a | 2a | 2a | 2a?| 2a | 2a? | 2a | 2a 
23 2a | 2b | 2a | 2a | 2a | 2a?! 3 2a? |3 3 
July 8 2b Te: Pe T's" Fs 


* Removed. 
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TABLE 1—Continued 


PLANT INOCULATED | 3a 3b ac | 3d | ze | af | 3g | ah | 3i | 33 
Leaf Date 
20 June 19 3 
20 3 2a?| 2a? 2a aa | 
21 3 3 ~ 22 2a | 2a 2a | 2a | 2a 
23 3 13 3 14 ‘4. 
27 3 |3 3 
July 8 3 1414 4 14 
21 June 23 4 2a | 3 4 4 
27 414/413 |4 4141/4 
July 8 |e-43 414 14 
22 June 23 | 2a | 2a 4? 
27 4/4/41 14 41/41/14 
July 8 + 4/414 
5 5 | 
23 June 27 4 4 |4 41414 
July 8 5 1414 "141/14 4/4 
5 
24 June 27 4 414/14 4141/14 
July 8 5 | 4 
5 15 41/4/14 
25 July 8 5 5 | 4 
2 8 5 5 14 
5 
27 8 is 
5 
28 8 6 6 5 5 
29 8 6 6 6 6 
30 8 
31 8 6 6 
* Removed. 


will show identical patterns, indicating a corresponding degree 
of reaction to the virus, and these mosaic patterns are correlated 
as they appear with the age of the leaves, their distance from 
the base of the plant, and from the inoculated leaf and the 
critical leaf. 

The data given in TABLES 2 and 3 are from two other series 
of ten plants each. The plants were somewhat dwarfed, and 
were forced to early maturity under abnormal conditions of 
nutrition. The plants were only six inches tall, and growing in 
seven inch pots in a slightly pot-bound condition at the time of 
the experiment. In these two lots each plant was inoculated in 
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TABLE 2 


A record of the observations as to the time of the appearance of disease symptoms | 
in ten plants, each inoculated in a different leaf, with the virus obtained from 
the same diseased leaf. The data are from the five plants of the ten which became 
diseased. The inoculations were made April 27. Plant 1a, which was inoculated 
in the basal leaf, 1b in the second leaf, 1c in the third leaf, 1d in the fourth leaf, 
and ie in the fifth leaf did not become diseased. The controls 1m, in, and 10 


remained healthy. 
MAY 16 MAY I7 MAY I9 MAY 20 
LEAF 
PLANT | INOCU- | nIsEASED DISEASED DISEASED DISEASED 
LATED PATTERN PATTERN PATTERN PATTERN 
LEAVES LEAVES LEAVES LEAVES 
if 6 II Type Ir 
14 
15 
17 
Ig 7 13 |Typer 13 Type t 13 Type 
14 14 14 
16 “ 2a] 15-190 “ 2a] 15-19 “ 2 | 
17 
th 8 17 Type! 17 Type tr 14-17 | Typel 12-17 | Typer 
18 “ 18-20 |Type2aj| 18-20 “ 18-20 
19 
ri 9 14 Type 2a | 14-18 |Type 11-13 | Typer 11-13 | Typer 
16 14-18 “ 14-18 
17 
ti 10 12-14 |Type1 11-14 |Typer 
TABLE 3 


A record of observations as to the early stages of disease in ten plants each inoculated 
in a different leaf, with the virus obtained from the same diseased leaf. Plants 2a, 
26, 2c, 2d did not become diseased. The controls 2k, 21, and 2m remained healthy. 
The inocultaions were made April 27. 


MAY 16 MAY I7 MAY I9 MAY 10 
LEAF 
PLANT | INOCU- | pisEASED DISEASED DISEASED DISEASED 
LEAVES LEAVES LEAVES LEAVES 
2e 5 13-15 | Typel 
16,17 
af 6 11,12 | Typer 11,12 | Typer 
14 — 
2g 7 12 Type tr 11-13 | 11-13 | Typer 
2h 8 16 Type 2a 15 Type r 12-15 | Typer 12-15 | Type1 
16 2a?] 16-18 “ 2a] 16-18 
18 
2i 9 10,11 |Typer 10-12 | Typer 10-12 | Typer 10-12 | Typelr 
13,15 — “ 13-17 sal 13-37 
2j 10 15 Type 2a} 12-14 |Typer 11-14 | Typer 11-14 | Typer 
15-17 1§-17 “gal I§-17 
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a different leaf, that is, plant 1a in the basal leaf, plant 1b in 
the second leaf from the base of the plant, etc. In the second 
series similarly, plant 2a was inoculated in the basal leaf, plant 
2b in the second leaf from the base, etc. 

The disease appeared as clearly defined or barely apparent 
symptoms in one or several leaves below the critical leaf on the 
day it showed typical symptoms of type 2a (pale crinkled). 
The mosaic patterns soon became more marked and followed 
the normal course of development. In a number of cases dur- 
ing the early development of the disease, one or more leaves above 
the critical leaf showed no signs of the disease for several days. 
Such leaves often occurred vertically above one another along 
the same sector of the plant stem. In every case however, 
a few days later such leaves too showed symptoms belonging 
to pattern types 2a (pale crinkled) or 3 (narrow nervisequum). 


TABLE 4 


Shades of color referred to in the leaf patterns described, with percentages of color 
of color in each, according to Ridgway’s ‘Color standards and nomenclature’ 


NAME OF SHADE PLATE YELLOW | GREEN }; COLOR | BLACK |} COLOR | NEUTRAL GRAY 
Dark dull yellow 
green XXXII II 89 12.5 | 87.5 42 58 
Forest green XVII 39 61 12.5 | 87.5 68 32 
Light cress green | XXXI 39 61 §5.0 | 45.0 42 58 
Cress green XXXI 39 61 29.5 | 70.5 42 58 
Dark cress green | XXXI 39 61 12.5 | 87.5 42 58 


The first two columns of the table represent the percentages of yellow and 
green (the component colors) found in the greens of the tobacco plant. The 
two central columns represent the percentages of pure color contained in each 
shade and the amount of black producing the differences in the luminosity of the 
shade, as determined by the color wheel measurements. In the third series, 
the percentage of color and of neutral gray contained in the shade are given. 


Glossary of terms used in connection with mosaic disease symptoms 


Blotching: a \arge irregular spotting, the spots either abnormally dark green or 
abnormally light green. [Century Dictionary.] 

Chloresis: a yellowing or paleness that affects the leaf blade, and is assumed 
to be diffused unless designated as mottling. [Schultz and Folsom.] 

Contortion: a twisting of the leaf blade. [Schultz and Folsom.] 

Crinkled: markea with short waves or wrinkled, less pronounced than wrink- 
ling. [Century Dictionary.] 

Curling: an abnormal bending of the leaf downward toward the main stem. 
Schultz and Folsom.] 
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Dwarfing: essentially a reduction in the size of parts rather than in their 
number, though both may occur together. [Schultz and Folsom.] 

Frenching: abnormal sickly plants, the leaves of which may be free from 
mottling, stringy, very thick and leathery. [Allard.] 

Masking: new leaves lacking all symptoms of the disease, of a uniform dark 
color, not mottled, or crinkled. [Allard.] 

Moitling: a localized chlorosis consisting of spotting of the leaf blades by 
light green areas, which may or may not be in contact with the larger veins, and 
which may vary in shape and degree of paleness. The discolored spots may be 
punctate, elongate, circular, angular, irregular in form; varying in color from barely 
perceptible fading of the green color to an almost pure yellow. (Schultz and 
Folsom.] 

Necrosis: the premature death of tissues, accompanied and manifested by 
their turning brown (e.g. spot necrosis, streak necrosis, etc.). [Schultz and 
Folsom.] 

Rolling: an upward curving of the sides of each leaflet, with the midrib at 
the bottom of the trough thus formed. [Schultz and Folsom.] 

Ruffling: an abnormal unevenness of the leaf blade surface caused by ridges 
that develop or become more pronounced with passage from the midrib to the 
lateral margins of the leaf, resulting in waviness of the margins. [Schultz and 
Folsom.]} 

Savoying: leaf surface with irregular rounded surface depressions and elevations. 

Wrinkling: an abnormal unevenness of the leaf blade surface due to more 
or less ridge and furrow-like depressions and prominences not arranged in any 
uniform manner. [Schultz and Folsom.]} 


Ill. A HISTOGENIC STUDY OF THE LEAVES OF HEALTHY AND 
DISEASED PLANTS 


The earlier investigators were uncertain as to which regions 
of the mottled leaf, the dark green or pale green areas, were 
the diseased parts. Mayer (1886) thought it was the yellowed 
areas, Beijerinck (1889) the green. Iwanowski (1903) reported 
that the virus was more or less present throughout the leaf 
tissue, no matter whether dark or light green. He found that 
the juices of expressed yellow tissues produced infection in 
eight plants out of eight, but that the juices from the green 
areas gave infection in two out of the eight plants inoculated, 
and concluded that the disease is more localized in the light 
green areas. Iwanowski also was the first to show that a sharp 
histological differentiation exists between the yellow and green 
areas as shown in leaf sections, and that the transition between 
the two areas may occur within the extent of as few as two or 
three rows of cells. He showed that in the green areas the 
palisade and parenchyma are well developed, but that in the 
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thinner yellow areas there is no differentiation of palisade cells, 
and there are no intercellular spaces. He found that the cells 
in the yellowed areas are poor in chloroplasts, of which many 
are swollen and disintegrated; the cells here are a pale green 
color, their chloroplasts pale yellow, with not a single starch 
grain showing when iodine is added. He found that the cells 
of the yellowed areas contain crystalline plates which show 
cross striations upon the addition of Flemming’s medium fixing 
solution. The nucleus in these areas is described as generally 
appearing normal and rounded, though somewhat large. Closely 
applied to the nuclei, he often found what appeared to be a 
parasitic amoeboid body which he suggested may be a second 
nucleus produced by amitotic nuclear division. 

Dickson (1922) found that a striking difference in thickness, 
of the leaf blade exists between the light and dark areas. In 
the light areas the palisade parenchyma cells do not lengthen, or 
do so to a limited extent only, depending upon the severity 
of the infection. The cells of these areas are isodiametric, and 
there is no differentiation into palisade and mesophyll tissues. 
The intercellular spaces are much reduced. In the dark areas, 
the palisade cells form two layers instead of one, with the lower 
layer composed of somewhat shorter cells than the first. Iwanow- 
ski (1903) did not describe the presence of two palisade layers 
in his sections. Dickson regards this double palisade layer as 
hyperplasia, the two layers of palisade cells constituting a 
hyperplastic growth resulting from a slight or late stimulation 
of the meristematic cells. In the case of the original meriste- 
matic cells in the yellow areas where the infection is severe, 
and the palisade cells remain cuboidal in shape, hypoplasia is 
said to be present. 

Rawlins and Johnson (1924) state that leaves in which the 
palisade layers and chloroplasts are well developed will never 
become badly mottled, and that part of the chlorotic appearance 
in mottled leaves seems to be due to the failure of the palisade 
cells in the chlorotic areas to elongate. 

Rand (1923) from histological studies of the pecan rosette 
disease, found a distinct correlation existing between the external 
malformation of the leaves and the severe internal derangements 
of the tissues of those leaves. He found, in the most severely 
infected leaves, that there is no differentiation into palisade and 
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spongy tissue, and that the centers of the yellow spots consist of 
closely packed isodiametric cells without any intervening air 
spaces. 

I find that Iwanowski’s and Dickson’s statements as to the 
histology of the dark green areas are not incompatible. Both 
conditions can be found, depending on the age of the leaf at the 
time when infection took place. My sections through mature 
healthy leaves of mature plants show that in tobacco as in 
many other plants, a second layer of less elongated palisade 
cells may normally occur. The term hyperplasia as implying the 
development of a second layer of palisade cells should not be 
used in connection with the dark green areas of diseased tobacco 
leaves. These areas consist of seven layers of cells such as are 
characteristic of healthy mature leaves. 

The cells found in sections of the light green areas do con- 
stitute a hypoplastic condition due to severe infection, and 
represent the original embryonic condition of the leaf at the 
time when infection took place. Cytological study of very 
young leaves leads unquestionably to the conclusion that the 
entrance of the virus interferes with the histogenic development 
of the leaf. Embryonic cell layers of leaf primordia, which have 
been given an opportunity to develop before the entrance of the 
virus, show a normal palisade development. Furthermore, I 
find that the dark green areas, contrary to the opinion of Dick- 
son, are in reality also hypoplastic, and show a cell form condi- 
tion characteristic of a young stage in the development of a 
normal leaf. The cells in such infected leaves soon cease to 
differentiate, and the palisade cells have simply elongated, 
producing the double palisade layer whose cells never attain 
the size of the cells found in mature healthy leaves. In accord 
with Kiister’s (1904) view of hypoplasia, such an arrested de- 
velopment should be considered as representing a hypoplastic 
condition. 


Stages in the histogenic development of healthy tobacco leaves 


The following outline presents briefly the characteristics 
of anatomical structure found in certain stages of histogenic 
development in healthy leaves. 

In the first stage, the leaf primordium consists of isodiametric 
meristematic cells, parallelopiped in form in the dermatogen, 
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polygonal in the periblem. Cell division is confined to the 
apical meristem for a very short time, and then division figures 
may be found here and there through the extent of the primord- 
jum. 

The second stage marks the beginning of intense intercalary 
division and the appearance of vacuoles in the cells, so that 
they lose their meristematic appearance, appearing multi- 
vacuolated and cuboidal in section. The nuclei are still centrally 
placed. The leaf primordium consists of six layers of cells, 
which all appear very much alike. 

The third stage marks the first notable cell differentiation 
which will bring anatomical differences in the primordial histo- 
genic layers which originally formed the primordium. A 
layer of palisade cells is formed in the first periblem layer below 
the upper surface of the leaf, by an increased number of radial 
divisions of the cells. The cells so formed are 25 by 10 microns. 
The continued radial divisions have cut up the original cuboidal 
cells into oblong segments. The plastids now are conspicuous 
and are distributed along the strands of cytoplasm which 
radiate from the nuclei. Active cell division in certain regions, 
distributed at equal intervals along the leaf in the second and 
third periblem layers, brings about the formation of groups of 
small polygonal cells, which are the rudiments of the veins 
of the leaf blade. 

In the fourth stage, the palisade cells are further differentiated 
by elongation in a radial! direction. Elongation in a radial 
direction in the second layer goes on to a less degree. The 
other two central layers enlarge in a plane parallel to the surface 
of the leaf. A seventh layer of cells is next formed by a series 
of cross divisions in the cells of the fourth layer. The cells are 
at this stage all univacuolate, and the plastids, which are now 
larger and more numerous, are found in the primordial utricle 
which bounds the walls. 

In the fifth stage there is a well developed palisade layer, 
below which a layer of somewhat elongated cells forms a second- 
ary and less differentiated palisade layer. The spongy paren- 
chyma has completed its development, and large intercellular 
spaces have been formed between the elongated and somewhat 
lobed mesophyll cells, as the stretching of the blade during 
simple expansion of the cells in the layers has forced the in- 
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dividual cells somewhat apart. They still however remain in 
contact along the regions of the walls originally present in the 
early stages of histogenesis. 

Stage 6 is only found in the later leaves to develop upon a 
mature plant. The leaf has attained complete maturity, with 
two well defined palisade layers, large well developed air spaces 
between the mesophyll cells, and the presence of numerous 
large plastids along the cell walls. 


Cytological study of diseased leaves 


The time at which infection has taken place in a leaf of a 
diseased plant can be ascertained by a study of its anatomical 
structure. By sectioning diseased leaves of various sizes and 
various patterns described in a previous section, and comparing 
their anatomical structure with those of healthy leaves of corres- 
ponding sizes, a correlation between anatomical structure and 
disease pattern is found to exist. A correlation has been shown 
to exist between the leaf pattern and the stage of development 
of the leaf at the time of inoculation of the plant. In the same 
way a correlation can consequently be shown to exist between 
all three of these factors, age and size of leaf, anatomical struc- 
tures of yellow and green areas, and the leaf pattern exhibited 
by the leaf. 

I find that the presence of the virus in the early stages in 
the histogenic development of the leaf results in the more 
severe types of mosaic patterns. Sections through the diseased 
leaves of tobacco plants, at all stages of their development, 
show that histogenic development was arrested in every case 
by the entrance of the virus. The distribution of the virus in 
the tissue is indicated by the stage in histogenic development 
which the various cell regions show. The lighter green regions 
of the leaf patterns were invaded before the dark green or normal 
green areas, which have continued their histogenic development 
to a later stage. Sections through mature leaves, infected dur- 
ing the final stages of leaf development, show that the pattern 
is due to the effects of the disease upon the cell contents. In 
certain areas distributed through the leaf blade, such ‘infections 
of leaves in later stages of histogenic development result in the 
faintly mottled appearance characteristic of pattern type | 
(dark, vaguely blotched) and type 2 (pale crinkled). 
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I find that the effect of the virus on the leaf tissues is much 
more diversified than is recognized by Iwanowski or Dickson. 


1. Cytology of leaves showing type I pattern (dark, vaguely 
blotched) 


In the case of leaves which are nearly full grown and above 
the point of inoculation, if they are young enough, the reaction 
of the cells will be visible in a barely perceptible mottling with 
yellowish green of the normally dark green cells. In a leaf 
infected when nearly mature, the light green areas may contain 
a double layer of palisade cells as well developed as that in the 
dark green areas. Such patterns as types 1 and 2a and 2b are 
the result of infections after the completion of the histogenic 
development of the leaves. In such leaves the only effects of 
the disease are upon cell contents. The plastids in sectioned 
material usually appear as in a normal leaf, though I have 
observed that in these regions of lighter green there is a distinctly 
different staining reaction visible, when the sections are stained 
with the Flemming’s triple stain. The mottling seen in such leaves 
is probably due to a slight loss of green in the chloroplasts. 
I have further observed a difference in the staining reaction, 
which varies along the section, the darker green areas taking 
a more intense blue stain, while the lighter areas appear more 
red or orange. The cells of all the regions show the presence 
of striated bodies and x-bodies in these leaves. 

Plate 23, figures 1a, 1b, and 1c, are drawings from sections 
of a large leaf 12 X 6 inches, which showed pattern type 1 
(dark, vaguely blotched), and from which the pieces of material 
for fixation were cut across the vein islets so as to include the 
lighter and darker regions. The histogenic development was 
found to be that of stage 5, in which a single well elongated 
palisade layer is present, the layer beneath this having lost its 
palisade-like characters of an earlier stage (stage 4) through a 
failure to continue to elongate, and by a separating of the 
individual cells, leaving large intercellular spaces between them. 
Seven layers of cells are found throughout the leaf, and large 
intercellular spaces occur between the cells of the mesophyll 
layers. In spite of the large size of the leaf, this is the anatomical 
structure to be expected, as it is not until the plant is completely 
mature that the leaves which then are developing upon the 
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stem will show the stage of histogenic development (stage 6) 
in which two well recognized palisade layers are present. 

The cell structure in such a leaf is quite normal, though the 
x-bodies and striated bodies are present in the cytoplasm. 
Figure 1a is a drawing of a palisade cell from a cross section of 
this leaf. The nucleus of the cell is distorted by the pressure 
of an x-body against it. A striated body lies against the side 
wall, while another striated body, cut across the lines of stria- 
tions, appears as a somewhat granular mass above it. The 
plastids are plump, and lie along the cell walls in the primordial 
utricle, and show no starch grains, although the material was 
fixed at five o’clock in the afternoon. 

Figure 1b is a cell from the third layer of cells in the same 
leaf. The disorganized striated material has dissolved to such 
an extent, perhaps due to overheating of the material during 
the processes of fixation, or to some chemical state or condition 
of the crystal itself at the time of fixation, that the individual 
fibers or striae nearly fill the cell lumen. The plastids are 
present, lying against the lower wall of the cell as rounded 
faintly stained bodies. Figure tc is that of an epidermal cell 
showing the presence of a large nucleus and a vacuolate x-body 
lying below it. 


2. Cytology of leaves showing pattern types 2a (pale crinkled) 
and 2b (pale, vaguely blotched) 


Those leaves on the plant which are the youngest at the 
time of inoculation, and therefore capable of extensive growth, 
show disease pattern type 2a (pale crinkled). In these leaves 
histogenic development has also been completed, as in the older 
leaves showing type 1 (dark, vaguely blotched), but the cells 
are not as large nor the palisade cells anywhere nearly as much 
elongated. These younger cells show the effects of the disease 
in a more pronounced manner. The plastids are fewer and they 
are much smaller in size than those fround in type 1 (dark, 
vaguely blotched). This explains the lighter green color of the 
leaf, since the plastids are fewer in number and contain less 
starch, and the striated crystals and x-bodies are more numerous. 
In prepared material, the only visible sign of the mottling found 
in the living leaf is present in the staining reactions along the 
section of the blade. In the paler green areas which mark 
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the center of the vein islets, when the Flemming’s triple stain is 
used, the sections show a greater tendency to stain orange and 
red, while in the darker green areas there is more of the blue of 
the gentian violet evident. 

Figure 2, plate 23, is a drawing of a palisade cell from a 
leaf 8.5 X 3.75 inches in size, which showed the intensely crinkled 
light veined pattern and light green color of a leaf of type 2a 
pattern (pale crinkled). Sections of this leaf showed the presence 
of only six layers of cells. The air spaces between the mesophyll 
cells are still very small. The palisade cells are well developed, 
but much shorter than those in a leaf showing type 1 pattern 
(dark, vaguely blotched) described before. The development of 
this leaf seems to be at stage 4 of histogenesis. This palisade 
cell showed two striated crystals, upon which the nucleus lies. 
The plastids contain starch grains, and these are in the form of 
lens shaped, dark blue stained grains in the colorless stroma of 
the plastid. The thin cytoplasmic sheath that bounds the 
plastids is visible around each one. As has been explained, the 
difference between the slightly darker and lighter green areas 
of this leaf is only apparent from the darker blue staining re- 
action of the cells in the darker green area. This may be 
explained as the result of the presence of more chlorophyll in 
the plastids of this region, resulting in their better functioning 
and the presence of more starch. 

When such a leaf upon further expansion loses its intensely 
crinkled effect, the result is due simply to the growth of the 
individual cells, which have increased in width instead of radially 
to form a more elongated palisade layer characteristic of more 
mature leaves, The anatomical structure remains the same, 
save that numerous intercellular spaces appear between the 
cells of the mesophyll, and even between the cells of the palisade 
layer. The plastids are slightly smaller, and the nuclei more 
swollen. A great deal more of the striated material is found, 
and the x-bodies are very numerous and quite large. 

Sections of a leaf 10 X 4.5 inches, showing type 2b pattern 
(pale, vaguely blotched) that is, a ‘light cress green’ leaf in 
which the regions of lighter and darker green are scarcely 
differentiated, and one in which the earlier intense crinkling is 
considerably lost, show seven layers of cells, with well developed 
air spaces between all the cells of the inner five layers. The 
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palisade cells are much wider, but only slightly longer than in the 
earlier stage, type 2a (pale crinkled). Large masses of yellow 
staining material, the disorganized striated bodies, are found 
throughout the sections. The nuclei are large and swollen, and 
irregular in outline. Figure 3a, plate 23 is of a palisade cell 
- showing the nucleus somewhat buried in a similar mass of mate- 
rial from the striated body, and a very large vacoulated x-body 
extending across the cell vacuole. The plastids appear vacuo- 
lated, but the apparent vacuoles are only lens-shaped starch 
grains into which the stain has not penetrated, owing either to 
the changed nature of the starch so that it does not take the 
gentian stain, or overheating during some stage of imbedding or 
mounting. Figure 3b is a cell of the third layer, showing a 
tendency of even this third layer of cells to elongate in the 
direction of the surface of the leaf blade, rather than radially, to 
produce another palisade layer. Figure 3c is a drawing of an 
epidermal cell showing the presence of an amoeboid shaped 
nucleus, an x-body with a large vacuole, and a broad striated 
body. 

The presence of seven layers of cells in sections of a leaf 
showing type 2b pattern simply means that there had been 
seven layers of cells present when the leaf first became diseased. 
Six or seven layers of cells may be found in leaves showing type 
2a (pale crinkled) or type 2b (pale, vaguely blotched) according 
to the age of the leaf when infection took place, and whether 
or not the formation of the seventh layer of cells during the 
fourth stage of histogenesis has taken place. 

As has been explained before in a previous section on symp- 
tomatology, dark areas often become visible upon the further 
expansion of a leaf showing type 2a pattern (pale crinkled). 
This means that a few isolated cells have retained their healthy 
condition and present the dark green color of a normal leaf. 
In such areas the cells show plastids that are larger, with a - 
richer starch content, and an otherwise normal cell content. 

When sections are made of healthy leaves of size correspond- 
ing to these described as showing pattern types 2a and 2b, they 
show a histogenic development similar to that described for 
those leaves. In sections of a leaf that was 7.5 X 4.5 inches in 
size, there are six layers of cells. The sections show a single 
palisade layer, and small air spaces developed between the 
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mesophyll cells. The anatomical structure corresponds very 
closely to the description given for a leaf showing type 2a 
pattern. Sections through a healthy leaf 9 X 5 inches show 
a later histogenic development. There are present seven layers 
of cells, but still a single palisade layer is found, since this leaf 
was produced upon a vigorously growing healthy plant only 
four inches high, before the mature type of anatomical structure 
is produced in the later leaves on the plant. The cells are 
larger, and in the palisade layer much longer than those described 
for a smaller leaf. Figure 4 is a drawing of a palisade cell 
showing the elongated oblong outline characteristic of the cells 
of this layer in healthy leaves. The plastids, because of over- 
staining with the orange G of the triple stain, appear almost 
entirely orange, save for small blue or reddish-blue staining 
starch grains still retaining the gentian or safranin stains. 

Sections of healthy leaves upon a plant that is young and 
vigorously growing will show a histological development and 
anatomical structure no different from that of the leaf just 
described. When figure 3a (palisade cell from a leaf showing 
type 2a pattern) is compared with figure 4 (palisade cell from a 
healthy leaf of corresponding size) the similarity in form and 
cell structure is clearly evident. 


3. Cytology of leaves showing pattern type 3 (narrow nervi- 
sequum) 


The youngest leaves on the plant at the time of the inocula- 
tion, which unfold during the initial appearance of the disease, 
as has been explained before, often show a pattern that is 
mistaken at first for type 2a (pale crinkled). In a few days 
however, the crinkled effect is entirely lost, and the leaf becomes 
perfectly flattened out into a smooth blade and shows the pres- 
ence of numerous dark green narrow bands along the small 
veins, so that it becomes clearly evident that the leaf belongs 
to type 3 pattern (narrow nervisequum). That this pattern 
is a close transition between that of type 2 and type 4 is evident 
from cytological studies. For example, sections through a leaf 
7.5 X 3 inches of type 3 pattern (narrow nervisequum) may 
show an anatomical structure very similar indeed to that 
described for types 2a (pale crinkled) and 2b (pale, vaguely 
blotched). There are seven layers of cells, including a single 
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palisade layer, and small air spaces between the mesophyll 
cells. The dark green areas show the presence of healthy cells 
with normal plastids, while the light green areas present the 
same appearance as such cells shown in figures 3a, 3b, and 3c. 

On the other hand, sections through leaves of this same 
type may show the distinct differences in anatomical structure 
that are so characteristic of the light and dark green areas of 
leaves showing type 4 pattern (malformed, broad nervisequum). 

Sections through a leaf 5 X 2 inches showing type 3 pattern 
(narrow nervisequum) showed very pronounced differences 
between the dark and light green areas. This leaf evidently 
had been infected at a much younger stage of histogenic develop- 
ment than had the larger leaf. This difference between the 
anatomical structure found in the dark and light green areas 
shows that the leaf was infected when it had attained very 
little histogenic development. Since these leaves are not 
distorted, deformed, or contorted in any way, as are the leaves 
of type 4 (malformed, broad nervisequum) it is evident that 
they were not infected in the primordial stage when still very 
close to the growing point, but when they had already developed 
into small leaves, about .5 to 1 inch in length at least. Practic- 
ally the entire leaf is diseased, as sections show, with only the 
dark green narrow bands along the veins left to continue their 
histogenic development up through stage 4 of histogenesis. 

A section through a narrow dark green area and extending 
out into the light green area shows a remarkable contrast in 
the thickness of the two areas, and in their anatomical structures. 
In the dark green area, the structure attained is that of histogenic 
stage 3 or 4 in a healthy leaf, that is, there are six or seven layers 
of cells, and the first palisade layer is distinctly developed, while 
the third layer of cells has elongated somewhat, and appears 
as a feebly developed second palisade layer. The cells of the 
first layer are however about twice as long as those of the second 
layer, though the latter cells, because of their radial elongation 
and closeness to one another, suggest a typical palisade develop- 
ment. The air spaces, on the other hand, are feebly developed 
between the mesophyll cells, which seem to be more regularly 
cuboidal than is characteristic of the mesophyll cells of healthy 
leaves. The nuclei in this dark green region are much smaller 
in diameter, 9.44 microns (average of fifty micrometer measure- 
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ments) than are those of the light green areas, 10.24 microns. 
The plastids of the dark green areas are much larger, 7.16 
microns, than those of the light green areas, which only measure 
7.04 microns in diameter. All the cells of this region show a 
cell content normal for the histogenic development attained, 
that is a univacuolate cell, with plastids confined to the primor- 
dial utricle. The material was not fixed at a suitable time to 
demonstrate the presence of starch grains, so that the plastids 
are present as evenly staining orange bodies, quite plump and 
numerous. 

The light green areas, which in this pattern (narrow nervi- 
sequum) occupy the greater part of the leaf blade, are composed 
of six layers of cells as seen from sections, with no distinguishable 
anatomical differentiation into palisade and mesophyll layers. 
The cells of these regions are more or less irregularly cuboidal, 
with small irregularly occurring intercellular spaces. The 
transition between the two regions is very abrupt, there often 
being found only two or three palisade cells, which by their 
shorter length and increasing width indicate the transition to 
the more or less cuboid form of the palisade cells of the yellow 
areas. The cell contents of the cells of the light green areas are 
also strikingly different. The four inner layers, which normally 
show numerous plastids, show relatively few plastids along the 
walls, and these when present are distinctly smaller than those 
of the dark green areas. The plastids in the dark green area 
show a diameter of 7.16 microns (average measurement of 50), 
while those in the light green areas measure only 7.04 microns. 
The nuclei in the light green areas are much larger than those 
in the dark green areas and appear decidedly hypertrophied in 
many of the cells. The average diameter of the nuclei in the 
dark green areas is 9.44 microns, while the average diameter | 
of those in the light green areas is 10.24 microns. Nearly all * 
the cells show the presence of the disorganized striated bodies 
and x-bodies, usually lying in close contact with the nucleus. 
Text-figures 1 and 2 represent drawings of sections through the 
dark and light green areas of a leaf of type 3 pattern (narrow 
nervisequum), showing such characteristic differences as I have 
already described. 

Figure sa is a palisade cell from a dark green area, showing 
the plump plastids arranged in close proximity around the cell 
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walls, and the cell nucleus in this case suspended in the cell 
vacuole. Figure sb is a cell from the second palisade layer, 
which differs only in length from the first palisade cell. Figure 
sc shows a palisade cell from the first layer, which is one of a 
group of three cells which alone marked the transition from the 
dark green to the light green regions. This cell is nearly twice 
as wide as the normal palisade cell, and shows cell contents 
characteristic of a much earlier stage in histogenesis, that is 
the presence of very few plastids, distributed along the cyto- 
plasmic threads which suspend the nucleus in the center of the 
cell. Figure sd shows a typical cell form for a cell from the 
palisade layer of the light green area: the plastids are few and 
scattered; the nucleus is larger than normal and lies partially 
surrounded by a striated body, with an x-body lying beneath it; 
the x-body shows two vacuoles, and in one of these there is a 
distinctly red stained minute granular mass of material, with the 
slenderest of threads radiating from it; the vacuole is distinctly 
contrasted with the dense material of the body around it. The 
cells of the second layer are not strikingly different from those 
of the first layer. 


4. Cytology of leaves showing type 4 pattern (malformed, 
broad nervisequum): a comparative study of sections 
from healthy and diseased leaves of various sizes and 
ages, in which infection occurred while the leaves 
were in the primordium stage 


1. Introduction. In an inoculated plant, the inoculated 
leaf, if not fully grown at the time of the inoculation, and several 
leaves above it show a checking of growth much sooner than do 
corresponding leaves of healthy plants. The youngest leaves 
of inoculated plants sometimes appear for a time to grow just 
as rapidly and continuously as those of healthy plants, but they 
never attain the size of corresponding leaves of healthy plants. 
The younger leaves of diseased plants are regularly narrower 
than those of healthy plants. 


Text-Fic. 1. The dark green region of a leaf showing type 3 pattern (narrow 
nervisequum). It has reached an anatomical structure or development character- 
istic of stage 4 in histogenesis: seven layers of cells are found, such as are also 
characteristic of healthy leaves at this stage of development; there are two young 
developing palisade layers; the intercellular spaces are only feebly developed. 
X 845. 
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If a leaf is infected during the primordial stage at the growing 
point, it may be so checked in its histogenic development that 
only a very narrow leaf blade will develop, or perhaps none at all, 
so that the leaf appears as a midrib only. This phase of french- 
ing is characterized as shoestrings. In the early stages of the 
development of the tobacco leaf primordium, the sections of the 
primordia show a greatly enlarged midrib, with comparatively 
little blade developed on either side of it. The large size of 
the midrib of the leaf, with the further development of the 
blade halted by the presence of the virus, results in the blade 
appearing only as a slightly ragged edge along each side of the 
midrib, or scarcely at all. 

Wingard (1924) describing ‘frenching or shoe strings’ of 
tobacco plants, asserts that, although frequently confused with 
mosaic, shoe strings is now known to be an entirely distinct 
trouble, and that the two diseases frequently occur on the same 
plant, and that this has led to the confusion. Narrowing of the 
leaves of tobacco plants may of course be caused by unfavorable 
conditions of the soil, defective drainage, deficiency of plant 
food, or lack of cultivation, nevertheless it is agreed by Allard 
(1914) Clinton (1915) and the earlier investigators that frenching 
is also a distinct symptom of the mosaic diesase. 

Frenched leaves may often be reduced to midrib alone. 
A study of the development of leaf primordia shows how this 
occurs. The first elongation of a leaf is due to repeated inter- 
calary divisions in radial planes along all the layers of the blade. 
This is followed by a stretching of the blade, brought about by 
the elongation of the cells themselves, especially along the mid- 
rib of the blade. When the first elongation phase has ceased, 
the meristematic growth of the leaf margin may still continue 
for some time, before a simple stretching out in width of the 
cells occurs in all the layers. The earliest growth of a leaf 
appears to be mainly growth in length. The ratio of growth in 
length to growth in width changes as the leaf grows older. The 
virus entering a leaf at any of these stages in the development 
of the leaf will prevent the development in width of the blade, 
which belongs to the later stages of growth, and so produce a 
leaf with a very much reduced blade. 

Frenched leaves are of an even ‘dark dull yellow green’ color 
in my cultures, and show no or very little mottling. When, 
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however, very young plants are inoculated, the first leaves 
appearing after the initial stages of the disease are decidedly 
trenched, but of a ‘light cress green’ color, with numerous very 
deep green bullate regions along their veins. 


Fic. 2. The light green region of the leaf shown in Text-Fic. 1. Individual 
cells have developed histogenetically as far as the cell content only is concerned, 
and show a univacuolate cell, with small plastids imbedded in the primordial 
utricle. In form, however, this region has retained the embryonic cell structure of 
a leaf primordium, in which all the cells are somewhat cuboidal in shape, and in 
which there are only six layers of cells, and few intercellular spaces. X 845. 
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That some portions of the leaf blade actually escape infec- 
tion is evident from the broad or narrow bands of dark green 
which lie along the main secondary veins of leaves of type 4 
pattern (malformed, coarse nervisequum). Such regions will 
often show a histogenic development far beyond that of the 
corresponding tissues of a healthy leaf of the same size as the 
diseased leaf. However the histogenic development in the 
adjacent light green areas has been stopped, and the cells 
remain more or less cuboidal in form, with slightly rounded 
corners that allow small intercellular spaces to appear. The cells 
show few plastids, numerous disorganized striated bodies, very 
numerous x-bodies, and large swollen nuclei. There are never 
more than six layers of cells present. 

It is often apparent in leaves of this type that in one or more 
regions of the blade an area of rather extremely veined appear- 
ance is found. The veins tend to fuse laterally and form a very 
irregular network. The whole region presents a white veined 
or ridged appearance, while vein islets are reduced to a minimum 
in area. A section through such a region shows the presence of 
very numerous veins of all sizes and diameters, very close to one 
another with the tissue between the veins reduced to only a very 
few cells, which are very small, cuboidal, and sometimes very 
much diseased, or dead in appearance. Plate 21, figure 3, 
shows such white elongated veined areas within the dark green 
bands along the veins. 

The veins are laid down very early in the development of the 
leaf, so that the entrance of the virus can hardly intercept their 
development. This early formation of the vein tissue is shown 
very clearly by Herrig in his figures of early primordium stages 
of leaves of Hippuris and other plants. When the disease 
becomes localized in such a region, the tissues between the 
veins, as seen from the form and size of the cells in the vein islets 
of this region, cease to undergo development, and remain 
practically identical in all respects with the cells of the primary 
tissues of the primordium. 

2. Histology of an infected primordium: first stage of histo- 
genesis. In sections from young leaf primordia into which 
the virus has penetrated very early, cell divisions seem to be 
quite normal, though the cells are more vacuolated than is the 
case in a healthy primordium of corresponding size. As is well 
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known and repeatedly shown in illustrations, the cells of the 
primordial layers contain large rounded nuclei, and are filled 
with fine granular cytoplasm, and never show the presence of 
vacuoles or cell inclusions of any kind. Figure 6 is a dermatogen 
cell from a primordium about 833 microns in length, and shows 
the presence of vacuoles even at this early stage. A striated 
body lies along the outer wall of the cell, and a small x-body lies 
between the nucleus and the lateral wall of the cell. 

3. Histology of a young leaf in the second stage of histogenesis. 
When at this stage six layers of cells all alike in size and form are 
found, the cell content of cells in healthy and diseased leaves, 
and the cell form are very much alike. As shown in figures 7a 
and 7b, the cells are both somewhat cuboidal in form, and show 
radiating films and strands of cytoplasm cutting the cell up 
into many vacuoles. Figure 7a is a palisade cell from a diseased 
primordium, and shows a somewhat elongated and vacuolated 
x-body present in the cytoplasm. A vacuole of the x-body 
contains a minute red stained body with radiating threads, 
and the four small univacuolate bodies which lie about in the 
cytoplasm also show a similar structure within their vacuoles. 
Figure 7b shows a palisade cell from a healthy primordium in 
which the cytoplasmic material cuts across the cell in all direc- 
tions dividing the cell space into several vacuoles. No plastids 
are present in this stage. 

4. Histology of a diseased and healthy leaf in the third stage 
of histogenesis. Sections through a healthy leaf 5/8 by 3 inches 
in size show the third stage of histogenic development. The 
formation of the upper palisade layer is taking place at this 
stage, by means of radial divisions in the cells of the first periblem 
layer beneath the upper epidermis. The cells of the other layers 
are more or less cuboidal and still multivacuolate. The nuclei 
are smaller in comparison to the size of the cells than are the 
nuclei of meristematic cells. The plastids appear as rounded 
dense cytoplasmic knots along the cytoplasmic strands. These 
are still few in number, and occur in the epidermal cells, as well 
as in the cells of the periblem layers. Figures 8a, 8b, and 8c 
illustrate cells from such a healthy leaf section. Figure 8a 
shows a palisade cell elongated only slightly, but appearing 
elongated radially because of the radial division of the periblem 
cuboidal mother cell. Figure 8b represents a cell from the 
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second periblem layer which is still cuboidal. Figure 8c shows 
an epidermal cell from the upper dermatogen layer. 

In sections of a small diseased leaf of the same size as above, 
but showing pattern type 4, with the broad dark green bands 
along the veins scarcely developed as yet, and only showing as 
very narrow scarcely darker green areas along the larger veins 
as shown in the photograph on plate 21, figure 2,t he influence, 
of the virus at this early stage in the histogenic development of 
the leaf is quite apparent. Although the darker green bands 
of the leaf are, as far as their cell content is concerned, still at 
the third stage of histogenesis as described in the proceeding 
_ paragraph, a greater elongation has taken place in the cells of 
the second and third layers from the upper surface, so that the 
cell form is characteristic of the fourth stage in histogenesis, 
where a first palisade layer is distinctly apparent, and a second 
less so in the third layer from the upper surface. 

Figure 8d is a drawing of a palisade cell of the second layer 
of cells, from a section through a dark green area of such a 
leaf as shown in figure 2, plate 22. The plastids are strung along 
the cytoplasmic threads. Figure 8e shows a cell from the layer 
below, in which the marked elongation of the cells of this region 
is quite evident, when compared with a corresponding cell from 
a healthy leaf shown in figure 8b. 

Figure 8f represents a cell from the palisade layer of the 
light green area, corresponding to a true palisade cell such as 
figured in 8d for the dark green area of the leaf, and in 8a for a 
healthy leaf. The cell has retained its embryonic cuboidal 
shape, owing to the failure to elongate radially and the occurrence 
of fewer radial divisions. The few plastids present are found in 
the primordial utricle. The nucleus is large and lightly stained, 
and shows the presence of fine chromatin threads and two small 
nucleoles. An x-body lies below it and below the large striated 
body. The striated body was cracked, probably in cutting, 
and shows this by a break in the striations. Figure 8g is a 
cell from the second periblem layer, which has retained more 
nearly the size of a corresponding cell of a healthy leaf shown in 
figure 8b. It offers an extreme contrast to the greatly elongated 
corresponding cell of the dark green area in figure 8e. Here 
the striated body has been cut transversely, across the lines of 
striation, so that a mass of small dark staining rod-like bodies 
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spread across the cell. The cytoplasm with imbedded nucleus 
is massed along the lower cell wall. A few plastids are found 
in the primordial utricle. No x-body is present in the cell. 

Figure 8h is of an epidermal cell of the dark green area of 
the diseased leaf, and shows a more mature cell content than that 
of the healthy cell shown in figure 8c. The cell appears uni- 
vacuolate, and the cytoplasm is not present in delicate radiating 
strands, such as are evident in the healthy epidermal cell. 
Figure 8i is an epidermal cell from the light green area, and 
shows a similar type of cell to that in the dark green area, but 
contains a small x-body and a striated body. 

5. Histology of a diseased and healthy leaf taken from the 
flower stalk, in the third stage of histogenesis. Healthy leaves 
and diseased leaves showing pattern type 4 (malformed, broad 
nervisequum) taken from the flower stems again show great 
contrasts in cell form and cell content. The leaves examined 
were I X 3.75 inches in size. The healthy leaf shows an early 
stage of histogenic development described as 3. The palisade 
cells are only slightly elongated, and are being formed by radial 
divisions in the upper second layer of cells. The plastids appear 
as described in the previous healthy leaf and figured in figures 
8a, 8b, and 8c. The cells of the layer below the palisade layer 
appear as that shown in figure 8b. There are only six layers of 
cells present and the intercellular spaces are very small. 

The palisade cells from the dark green area of the diseased 
leaf, although not much longer than the cells in healthy leaves, 
are decidedly a more mature type of cell, as shown in figure gb. 
This is evident in the univacuolate condition, and the arrange- 
ment of the plastids, not along the cytoplasmic strands, as in 
figure ga, but along the cell walls in the primordial utricle. 
Figure 9c shows a cell of the light green area that corresponds 
to the palisade cell of the dark green area figured in gb, and the 
palisade cell from the healthy leaf figured in ga: the cell is 
univacuolate, and the plastids are arranged in the primordial 
utricle; this cell contains a large x-body next to the nucleus. 
Evidently the only effect of the disease is on the cell form, 
that is, the cell has failed to elongate normally. Figure 9d 
shows an epidermal cell from the same light green region, in 
which the nucleus lies above a striated body which fills the lower 
half of the cell; a single plastid with small starch grains lies 
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above the striated body; in the cell vacuole at the top of the 
cell is a large x-body. 

Seven layers of cells are found in the dark green areas of this 
diseased leaf, and the cell content development is at a stage of 
histogenesis far beyond that of a healthy leaf of the same size. 
There is a single central vacuole in each cell, and the plastids 
lie in the primordial utricle. Although there is yet no dif- 
ferentiation of a second palisade layer of cells, the cell structure 
of the third layer is as advanced as that of the cells in the palisade 
layer. The air spaces found between the mesophyll cells are 
much larger than those found between the cells of a healthy 
leaf at this stage. 

In the yellow green areas, histogenesis seems to have stopped 
entirely and the anatomical appearance is distinctly embryonic. 
Six layers of cells are found, and the cells of all the layers are 
nearly cuboidal in shape, closely packed together, with only 
a very irregular appearance of air spaces. There is no dif- 
ferentiation into palisade and mesophyll tissue. 

There is a distinct difference between the sizes of the nuclei 
in the cells of the healthy leaf and those of the dark and light 
green areas of the diseased leaves described here. The plastids 
also differ considerably. For example, the nuclei of the cells of 
the healthy leaf are smaller than those found in the light green 
area of the diseased leaf, but the nuclei of the cells of the dark 
green areas of the diseased leaf are even smaller than those of the 
healthy cells of healthy leaves. The average of 50 eye piece 
micrometer measurements of nuclear diameter showed that the 
nuclei of the cells in the healthy leaf 1 X 3.75 inches were 10 
microns in diameter, while the nuclei of the dark green regions of 
the diseased leaf averaged only 9.04 microns. However the 
nuclei in the light green areas showed an average diameter of 
12.08 microns, an increase of 30.4 per cent over those in the 
dark green areas, and 20.8 per cent over those in the healthy 
leaves. 

The plastids of the light green areas of diseased leaf cells 
may be only slightly smaller or very much so, according to the 
degree of virulence of the infection, than those found in healthy 
leaves. However the plastids of the dark green areas are 
decidedly larger than those of the light green areas, and also 
larger than those of the healthy leaf. The average diameter 


1926] GOLDSTEIN: TOBACCO MOSAIC sss 


of the plastids in the cells of the healthy leaf was 5.35 microns, 
while those in the dark green areas measured 7.74 microns. 
However, the plastids of the light green areas measured 5.32 
microns in average diameter, which is only slightly smaller 
than those in the healthy leaf. The older the diseased leaf, the 
more apparent will be the reduction in size of the plastids of 
the light green areas when compared with those of the healthy 
leaf. The leaves from which the above measurements were 
taken were comparatively small and young, and the difference 
is not so marked. When measurements are given later for the 
plastids of older leaves in connection with the histogenesis 
of these leaves, the contrast will be found to be more marked. 

6. Histology of a diseased and healthy leaf in the fourth stage 
of histogenesis. Sections of a healthy leaf 2 X 5 inches and 
those of a diseased leaf of the same size showing pattern type 
4 (malformed, broad nervisequum) reveal marked differences 
between the anatomical structure of the light green areas of the 
diseased leaf and that of the dark green areas. However the 
contrast between anatomical structure of the dark green areas 
of the diseased leaf and the healthy leaf is no longer as great as 
it was in smaller leaves. 

Sections through a healthy leaf of this size show an anatomical 
structure characteristic of stage 4 in histogenesis. There are 
seven layers of cells in the section. The cells of the first palisade 
layer are 108 microns in length; the great elongation in this 
case is due to continual radial elongation. This is apparently 
a typical palisade structure of long, narrow, closely packed cells, 
with only the slightest of air spaces where adjacent cells meet. 
A slight elongation has also taken place in the third layer of cells, 
giving it the appearance of a very much less developed palisade 
layer. The cells of the mesophyll, on the other hand, have 
elongated in a direction parallel to the surface of the leaf, but 
do not show as yet any very large intercellular air spaces. The 
cell contents have become differentiated, as is characteristic 
of this stage in histogenesis. The cells are univacuolate, with 
the nucleus lying in the primordial utricle, or hung in the cell 
lumen by a few delicate cytoplasmic threads. . The plastids as 
usual lie in the primordial utricle. 

Figure toa illustrates a palisade cell from the second layer 
of the leaf section, and figure 1ob a cell from the third layer of 
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the section. This last figure shows the relatively wider and 
less elongated character of the cells of this layer when compared 
with those of the true palisade layer. Figure toc is that of an 
epidermal cell showing a more developed stage of cell content 
than that figured in 8g. There has been no increase in the 
number of plastids in this epidermal cell of an older leaf, and the 
cells are univacuolate. 

When the histogenic development attained by the dark green 
areas in the diseased leaf is compared with that of a healthy 
leaf, we find no difference. The precocious tendencies noted 
in connection with the younger leaves previously described is 
no longer evident. The healthy leaf, on increasing to this 
larger size, has had opportunity for continued histogenic dif- 
ferentiation. The smaller diseased leaves, when compared 
with smaller healthy leaves, had appeared to be further advanced 
histogenically, because in reality they were older leaves than the 
healthy leaves, even though of the same size. If the sections 
of these leaves had been made when they were smaller and 
younger, no doubt it would have been seen that the dark green 
area of the diseased leaf had attained a more advanced histo- 
genic development. Figure tod shows a palisade cell from the 
dark green area, and figure 10e an elongated cell from the third 
layer of cells, which, because of their elongated character, 
present, as in the healthy leaf, the appearance of a second layer 
of less developed palisade cells. The cell content of the two 
is the same. Both of these cells are slightly shorter than those 
of the corresponding cells of the healthy leaf. 

Figure 1of shows a transition cell from the first palisade 
layer between the dark green and light green areas. This cell 
is slightly wider and shorter than the palisade cell in figure tod, 
and although its plastids are still somewhat normally arranged, 
it shows the presence of a disorganized striated body and an 
x-body pressed against the nucleus. Figure tog shows the 
corresponding palisade cell of a pale green area. It has not only 
retained its embryonic cuboidal form, but still shows the central 
nucleus and multivacuolate condition, and a few small plastids. 
A small x-body lies near the nucleus. Figure 1oh shows a 
secondary palisade layer cell of the light green area. It is 
small and cuboidal in form, and its cytoplasm, nucleus, and 
an x-body are all massed in the lower part of the cell. 
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Again the same relationship can be found as to the relative 
size of the nucleus and plastids in the healthy leaf and the dark 
green and light green regions of the diseased leaf. The nuclei 
of the cells of the healthy leaf average 10.44 microns in diameter 
(so nuclei measured). The nuclei of the dark green region of 
the diseased leaf are smaller, showing an average diameter of 
10.18 microns, while the nuclei of the light green areas are slightly 
larger than the nuclei of a healthy leaf, showing an average 
diameter of 10.56 microns. The average diameter of the 
plastids of the cells in the healthy leaf is 7.5 microns. The 
plastids in the light green areas of the diseased leaf average 
only 5.7 microns, showing a much reduced and shrunken condi- 
tion. The plastids in the dark green regions are larger, 6.48 
microns, but not quite as large as those of the correspondingly 
healthy leaf. 

The relative sizes of the nuclei and plastids of healthy and 
diseased areas of diseased leaves showing pattern type 4 (mal- 
formed, broad nervisequum) and those of healthy leaves of 
the same size, support the view that the dark green areas repre- 
sent, not regions of hyperplasia, but, on the contrary, regions 
of arrested development. The nuclei of the dark green areas 
are always smaller than those of the healthy cells of healthy 
leaves. The plastid size indicates distinctly the inhibitive 
action of the disease. For, although I found that in the dark 
green areas of a diseased leaf 1 X 3.75 inches the plastids are 
larger than those of a healthy leaf of corresponding size, this is 
due to the fact that the diseased leaf is precocious in histogenic ~ 
development as compared with the healthy leaf, and is really 
much older. The plastids in a healthy leaf continue to increase 
in size until, in a leaf 5 X 2 inches, they have become larger 
than the plastids in the dark green region of a diseased leaf of 
this size. 

7. Histology of a diseased and healthy leaf showing stage 6 
in histogenic development. In the later development of leaves 
upon a plant approaching maturity, instead of passing from 
stage 4—where two layers of palisade cells seem to be present— 
into stage 5—where only the first palisade layer continues to 
elongate radially and intensify the palisade characters, and in 
which the cells of the third layer cease to elongate, and begin to 
broaden and show the presence of large intercellular spaces, 
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so that only one distinct palisade layer is evident—the histo- 
genic development passes from stage 4 directly to stage 6, where 
both palisade layers continue to develop, producing a double 
palisade layer. 

In sections of a healthy leaf 8 X 4 inches there appear two 
well developed palisade layers. The palisade cells of the first 
layer are about 66 microns in length, while those of the second 
layer are 33 microns in length. The intercellular spaces are 
well developed between the mesophyll cells, and to a slight degree 
between the palisade cells of the second layer. Figure 11d is a 
drawing of a cell of the first palisade layer, and figure 11e shows 
a cell of the second palisade layer. The cells show clearly 
the characteristic cell development in a leaf that has attained 
the histogenic development of stage 6, that is, a mature leaf 
borne upon a mature plant. Each plastid contains large starch 
grains, and the delicate cytoplasmic sheath in which the plastids 
are enveloped is visible in the section of the plastids only in the 
form of a thin semi-circular layer around each plastid. There 
is a single large central vacuole filling the entire cell, and the 
nucleus lies in the primordial utricle. 

Figures 11a, 11b, and 1t1c show corresponding cells from a 
diseased leaf showing type 4 pattern. Figure 11a shows a 
palisade cell from the first layer, which corresponds to that of 
a healthy leaf as shown in figure 11d. The cell is about as 
long, and its cell content very similar. The cell shown in figure 
11b, is a palisade cell from the second layer of palisade cells and 
resembles that of the corresponding healthy cell in figure Ite. 
Figure 11c shows the greatest contrast between the structure 
of the yellow green and dark green areas. This cell, although 
short and somewhat cuboidal in form, corresponds to a palisade 
cell of the first layer shown in figure 11a from the dark green 
area of the same leaf. 

Sections through a leaf 6.5 & 3.25 inches of the same pattern 
from a very old plant, show again a histogenic development 
very much like that of a mature leaf upon an old mature healthy 
plant. In the dark green areas of the diseased leaf, radial 
elongations had gone on to such an extent that one might say 
there were three palisade layers, as shown in figures 12a, 12b, 
and 12c. The first two alone, however, are true palisade 
layers, since their cells lie close together. The cells of the first 
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palisade layer attained a length of 7o microns. The cells of 
this layer are not all of the same length, some being considerably 
shorter than others, but they are all in close contact ‘with one 
another. The second layer of cells consists of cells about one- 
half to three-quarters the length of the cells of the first layer. 
Numerous large intercellular spaces separate them into groups. 
Only occasionally is a cell of the third layer as much elongated 
as those of the second layer, and large intercellular spaces fre- 
quently separate the individual cells of this layer from their 
neighboring cells. The transition from the dark green to the 
light green is very abrupt, being only a matter of three cells, 
the first of which is as long a cell as that of one in the second 
palisade layer, and the next two are slightly shorter. -Beneath 
the transition cells there is no second palisade layer; instead 
the cells below are cuboidal. The remaining cells are cuboidal 
throughout the light green area and the palisade cells appear 
very much like that shown in figure 11c for the leaf previously 
described. 

Numerous air spaces are present between all the cells of 
the dark green area, with the exception of those in the first 
palisade layer, whereas in the yellow areas the cell spaces are 
smaller, and the layers of cells seem somewhat displaced, so 
that it is difficult to recognize sometimes to which layer a 
particular cell belongs. This also creates the appearance of one 
or two rows more than the normal seven or six in certain regions. 
However, I am quite certain that there has been no formation 
of extra layers in these regions. 

Figures 12a, 12b, and 12c are of cells from the dark green 
region showing normal plastids with starch grains, and the fine 
cytoplasmic sheath which bounds the plastids. Figure 12b 
shows a cell from the second palisade layer, which contained a 
striated body, although from the dark green region of the leaf. 
Figures 12d and 12e are corresponding cells from a healthy 
mature leaf, and show that in reality the cells of the dark region, 
although appearing enormously elongated, never are as long as 
those in a healthy leaf of corresponding size. 

8. Histology of a mature diseased leaf of pattern type 4 upon 
a small pot-bound plant. A \eaf 6.5 X 3 inches showing pattern 
type 4 (malformed, broad nervisequum) was taken from a very 
badly diseased and dwarfed plant which was only 8 inches tall, 
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pot-bound, and at least 6 months old. The leaf was very 
contorted, that is, its blade was twisted, its margins rolled under, 
and crenate. The material for fixation was cut out so that one- 
half of each piece consisted of tissue from the dark green region 
which, in the form of a sector of the leaf, occupied about one- 
third the area of the leaf, and tissue from the light green area 
adjacent. Each section then showed the histology of the yellow 
and the green areas. 

The sections show the influence of the virus upon the dark 
green regions of such a diseased leaf when it begins to attack 
such healthy regions along their margins. The sections show 
the same histogenic stage of development in both the light and 
dark green areas. However the cell contents of the two areas 
are extremely different. The half of the sections belonging to 
the light area show the effects of the virus in the disintegration 
of the plastids, the presence of numerous striated bodies, and 
x-bodies. The cells of the first palisade layer of the dark green 
areas are 91 microns in length, and those of the second 54 microns 
in length, while those of the first palisade layer in the light green 
regions are about 79 microns, and those of the second 41 microns 
in length. 

In the dark green areas large intercellular spaces are found 
between the lobed and rather small mesophyll cells. All the 
cells of this dark region are normal in appearance, with large 
rounded plastids nearly of the size of the nuciet. The latter 
appear small in comparison with the large size -of the cells. 
Figure 13a shows a cell from the first palisade layer, and figure 
13b one from the second. The material was not fixed at a 
suitable time for the appearance of starch grains, so that only 
a few are visible. The epidermal cells contain no plastids, 
and show only a thin cytoplasmic sheath bounding the wall, 
with the nucleus usually pressed against the lower wall. 

Figure 13c shows a palisade cell from the yellow area. The 
plastids are much reduced in size and number. The nucleus 
in the figure is more or less surrounded by striated bodies. 
A single large vacuolated x-body is also more or less surrounded 
by striated bodies. The plastids appear as usual in the primor- 
dial utricle. Figure 13d shows a cell from the second palisade 
layer of the yellow green area. The nucleus is somewhat con- 
torted, as it is pressed against the wall above the disorganized 
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striated body. A small x-body lies next to it. The plastids 
are very much reduced in size and number. The plastids meas- 
ure only 6.8 microns in diameter (average of 50 measurements), 
while those of the dark green area measure 8.34 microns. Figure 
13e shows the appearance of an epidermal cell from this area, 
with a swollen nucleus and disorganized striated bodies nearly 
filling the cell. An x-body, with two clearly defined vacuolated 
regions with dark rings around them, lies next to the nucleus. 
As these figures show, the presence of the x-bodies is by no 
means confined to young tissues only. Old diseased leaves 
like this will contain very many of them in the light green dis- 
eased areas, some of which are very large in size. 


5. Histology of leaves showing type 5 pattern (pale, definitely 
blotched) 


The sections were made from material obtained from a leaf 
5.5 X 3.25 inches in size and showing pattern type 4 (mal- 
formed, broad nervisequum) only at the tip of the leaf, while 
the rest of the blade showed the rounded ‘cress green’ blotches 
upon a ‘light cress green’ leaf, characteristic of type 5. Each 
piece of blade cut out for fixation was taken so as to include the 
darker green of a blotch, and the lighter green of the surrounding 
blade. Sections through the lighter areas show an under de- 
veloped but clearly recognizable palisade layer, with air spaces 
irregularly distributed among the mesophyll cells. Usually 
the section at this point is only six layers thick. Through the 
darker areas the histogenic structure is practically the same, 
save that the cells appear more normal and their cell contents 
are decidedly normal. There are usually seven layers of cells 
present in the darker regions and well developed air spaces 
distributed evenly among the mesophyll cells. 

Figure 14a shows the appearance of a palisade cell from 
the first layer in the darker green region, and figure 14b, a 
palisade cell from the lighter green region. As is clearly evident, 
the palisade cells from the lighter green regions are not as 
deformed or cuboidal as those in sections through the light 
green areas of leaves of type 4 (malformed, coarse nervisequum) 
described previously. The palisade cells in the lighter regions 
show a distinctly elongated form, though they are wider than 
normal palisade cells. The plastids are somewhat smaller. 
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Of course, as evident from the shades of green of the two areas, 
neither the lighter (‘light cress green’) or the darker areas 
(‘cress green’) are as green as is a healthy leaf. In figure 14b 
the nucleus lies in the primordial utricle, with an x-body beside 
it, and a striated body below it; another striated body lies on 
the opposite wall. 

X-bodies and striated bodies are found throughout the leaf. 
They are found much more abundantly in the ‘light cress green’ 
areas. They are also found in the companion cells and phloem 
and xylem parenchyma of the small anastomosing veins. 


6. Histology of leaves showing type 6 pattern (irregular, nar- 
row nervisequum) 


Pattern type 6 (irregular, narrow nervisequum) which ap- 
pears later in the histology of the disease, and often lasts for a 
considerable period until the blooming of the plants, presents no 
new anatomical conditions. The leaves of this pattern show a 
double palisade layer in the dark green regions and six layers 
of cuboidal cells in the ‘light cress green’ regions, very much as 
described and figured for pattern types 3 (narrow nervisequum) 
and 4 (malformed, broad nervisequum). 


IV. CYTOLOGICAL STUDY OF DISEASED AND HEALTHY CELLS 


1. The x-bodies in living cells and cells fixed with Schaudinn’s 
solution 


In a previous paper (1924) I have described the appearance 
of the x-bodies associated with the mosaic disease of tobacco 
and Solanum aculeatissimum. In living cells the bodies are 
finely reticulate or granular and clearly visible often in great 
numbers in the hair and epidermal cells of diseased plants. 
One can study them with an oil immersion objective by simply 
stripping the epidermal tissue from the stem, midrib, or leaf 
blade of the living plant, and mounting it in water under a 
cover slip. The bodies in living cells are rounded, oval, or 
amoeboid in outline. They seem to change their form and 
position by the protrusion of small somewhat blunt pseudopod- 
like extensions of the body surface. In addition to this inde- 
pendent movement, they are carried along very slowly, as are 
also the nucleus and plastids, by the streaming cytoplasm 
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in the strands which stretch across the cell vacuole. I am 
giving here for comparison with the x-bodies in fixed material 
a figure from a photograph of a living cell in which the bounding 
layer of the x-body comes out very sharply (TEXT-FIG. 3). 
The figure is from a living hair cell from a light green region 
of a diseased leaf. This cell contains a great many of the 
bodies of varying sizes, four other smaller bodies being seen 
in the field slightly out of focus. 


Fic. 3. A microphotograph of a portion of a living hair cell showing the 
presence of numerous large and small x-bodies. Taken with a 1/12 inch oil im- 
mersion objective. 


An excellent method of fixation that I have used helps to 
bring out more clearly the protoplasmic nature of the x-bodies, 
and to distinguish them very effectively from the cytoplasm, 
cell nucleus, and other cell inclusions. A thin strip of epidermal 
tissue is removed from a diseased plant and fixed by dropping 
Schaudinn’s solution upon it for several minutes, the additional 
drops preventing the solution from crystallizing. After several 
minutes, the solution is allowed to crystalize out and is finally 
removed when the material appears dry, with drops of 95 per 
cent alcohol. The material is run down into water, and then 
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immersed in iron alum for from three to five minutes. It 
is then washed again in water, and immersed in haematoxylin 
for a few minutes, washed again in water, and destained in 
I per cent iron alum under the microscope. The entire pro- 
cedure is gone through with the strip of tissue lying on the slide, 
and the different solutions added with a pipette, and removed 
each time by absorption with a piece of cloth. When the 
material appears sufficiently destained the tissue is dehydrated 
with 95 per cent and absolute alcohols; clove oil is added, and 
then balsam. A permanent slide is thus secured in a very short 
time. 

With such fixation, the x-bodies are found to be finely 
granular in structure, and distinctly protoplasmic in appear- 
ance, and clearly bounded and outlined against the cytoplasm 
of the cell. They occur as delicate amoeboid, rounded, or 
elongated bodies lying in the cytoplasm, and stain a very pale 
gray color. The striated crystals appear partially dissolved, 
that is the Schaudinn’s solution makes them spread out so that 
they form dense black stained masses, but show no evidence of 
the lines of striation which are so clearly evident when the 
material has been fixed with the Flemming’s solutions. The cell 
nuclei show the usual nuclear structures, black nucleole, and 
fine chromatin granules in the pale gray stained nuclear sap. 

Figures 16a, b, c, and d, plate 26, show the appearance of the 
x-bodies when the leaf tissue is fixed in the manner just described. 
One of the x-bodies in figure 16a is distinctly amoeboid in form 
the other elongated. The cell contains three crystals, which 
were probably superimposed upon one another before fixation, 
and have spread apart, and appear only slightly dissolved. The 
nucleus appears homogeneous, and contains a single nucleole 
lying in a nucleolar vacuole. Four small plastids lie along the 
wall. Their starch grains appear as lens shaped clear areas. 
The x-bodies in figures 16b and 16d, each show one vacuole, 
within which a dark stained body lies, with radiating threads 
about it. 


2. The x-bodies in fixed, sectioned, and stained material 


In preparations fixed with the Flemming’s solutions or with 
Bouin’s solution, and stained with Flemming’s triple stain, the 
x-bodies appear as orange stained, lobed or amoeboid, rounded 
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or oval shaped bodies. They most commonly contain at least 
one vacuole, but often several or many vacuoles. The vacuoles 
are not all the same size in the body, and often they are so num- 
erous as to give the body a distinct foam-like structure. The 
vacuoles often are distinctly bounded by a zone of dense granular 
material, and sometimes they contain red stained granules, 
about which are several delicate radiating threads. However, 
when a body contains several vacuoles, not every vacuole in the 
body will be bounded by a ring of granular matter, nor will 
every vacuole contain the red stained granules. In a few cases, 
however, I have observed such to be the case. 

The x-bodies usually lie close to the nucleus, curved around 
it, pressed against it, and in many cases even producing a 
distinct indentation or hollow in its surface. However, the 
x-bodies may quite often be found lying in the primordial 
utricle or in the cell vacuole. On the whole the nuclei, although 
appearing swollen and enlarged in the cells of diseased areas, 
as shown by actual micrometer measurements and comparisons 
with nuclei of corresponding healthy cells, rarely appear dis- 
torted. The cells of diseased areas sometimes do contain 
amoeboid shaped nuclei. No doubt if the x-bodies exert pres- 
sure against the nucleus, distorting it, the nucleus can regain 
its original oval or rounded contour when the x-bodies move 
away, and the pressure upon the nuclear membrane is released. 
In such cases, where the nucleus in fixed and sectioned material 
appears indented, the x-body is usually present in the section 
pressing right into the region of the hollow or indentation. 

The x-bodies often appear greatly elongated and attentuated 
at the center as if finally about to part in two. This suggests 
a simple division by constriction or fission. Such elongated 
bodies are often found in the youngest primordia where the 
cells are undergoing division. Figure 7, plate 29, shows a 
portion of a hair cell stained with the Flemming triple stain, 
containing a large nucleus with a single large nucleole stained 
red, and red stained chromatin granules strung along the delicate 
threads of linin; plastids lie about in the cytoplasm; a large 
x-body is present, containing large vacuoles marked by distinct 
rings of dense granular matter; the body appears to be pulling 
in two by means of a central constriction. Figure 8 of the 
same plate, shows several x-bodies present in a large hair cell; 
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the two smaller bodies may have originated from the larger 
body present in the manner suggested by the previous figure. 

Figures 1 and 2, plate 27, are cells containing x-bodies whose 
vacuoles show the presence of small bodies within them. In 
figure 2, plate 28, the x-body contains two vacuoles, in each of 
which there is a dark staining body with delicate threads radiat- 
ing from it. One of the x-bodies in the cell shown in figure 10, 
plate 28, also shows a similar vacuolar structure. In many cells 
x-bodies are found which contain vacuoles bounded by a ring 
of dense granular matter, within which a central granule with 
radiating threads is found. I have also observed lying in the 
primordial utricle small orange stained bodies, each containing 
a single vacuole in which a red stained granule with radiating 
threads is present. Such a cell is shown in figure 9, plate 29, 
from the epidermis of the light green region of a diseased leaf 
showing type § pattern (pale, definitely blotched). 


3. The striated bodies, tannin inclusions, and cuboidal bodies 


a. Striated bodies. 1 have described in the above noted 
paper, the presence in the diseased cells of large crystalline 
plates, which appear under the petrographic microscope to be 
decidedly crystalline in nature. These are exceedingly abund- 
ant in diseased tissue and are found only seldom in the dark 
green areas of diseased leaves. When in any tissue these crystals 
are present in large numbers, the x-bodies will also be found in 
great numbers in the cells. In basal plane, these crystals appear 
often as simple hexagonal plates, or very large irregularly 
shaped plates, which are often piled one above the other in 
several distinct layers. When viewed from the side they appear 
as oblong bodies, and show even in living material faint but 
distinct lines of striation across their short axis. Upon the 
addition of Flemming’s solutions, as Iwanowski (1903) also 
noted, the crystals show this striation more distinctly, and 
often appear to be made up of distinct rods or needle crystals 
arranged side by side. In material fixed with Flemming’s solution, 
and stained with Flemming’s triple stain, the crystals usually 
appear as narrow bands of orange staining material. They 
lie along the cell walls or stretched across the cell vacuole. 
Often, due perhaps to overheating of the material during the 
process of imbedding and fixation, the crytsals become more or 
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less disorganized and spread out across the cell vacuole. The 
individual striae in such cases appear much longer and some- 
what separated and curved away from one another. 

Iwanowski (1903) states that he was unable to dissolve the 
crystals. I have found that in the case of crystals in hair cells 
any strong acid or base when added drop by drop to the prepara- 
tion under a cover slip, will finally cause them to spread out to 
such an extent that the striae disappear entirely, and a formless 
mass of material is left which retains its identity in the cell 
sap. The nucleus of the cell and the x-bodies retain their 
identity even after the breaking up of the crystals. 


Fic. 4. A microphotograph of a portion of a hair cell showing the striated 
crystals in polar view (upper and lower center) and in side view (left). An amoe- 
boid x-body with dark granules lies between and below the two crystal groups. 


Such striated bodies have not been figured for other than 
Solanaceous plants. As noted above, Iwanowski (1903) has 
figured and described them in the diseased cells of tobacco. 
Rawlins and Johnson (1924) have also described and figured 
them in sectioned and fixed material from mosaic diseased 
tobacco plants. I have found them closely associated with the 
presence of disease in all tissues of tobacco plants and plants 


rer 
re. 
se 
In 
of 
°, 
lls a 
i 
1g 
ne 
| 
| 
| 
} i] 


568 BULLETIN OF THE TORREY CLUB [voL. 53 


of Solanum aculeatissimum (apple of Sodom) affected with the 
mosaic disease. They appear to be characteristic products of 
the reaction of the cells to the presence of the mosaic virus. 

Text-figure 4 is a microphotograph of a living hair cell, 
taken with the oil immersion objective: a portion of the hair cell 
only is shown, containing several hexagonal crystalline plates, 
and one crystal at the left of the photograph is seen in side view. 
The hexagonal plates are superimposed upon one another in 
various positions. A bundle of much elongated raphides is 
also present in the cell lumen, but is quite out of focus. Between 
the two groups of crystals, and slightly below the plane in which 
they lie, an irregularly shaped x-body, with dark staining granules 
in its mass, is faintly visible. 

b. Tannin inclusions. Tannin is found abundantly in the 
cells of growing points and flower buds, and often in the leaf 
primordia. It is apparently just as abundant in the growing 
points of healthy plants as in those of diseased plants. The 
tannin in these regions when fixed with the Flemming’s solutions 
is in the form of globules or of finely granular material in the 
vacuoles of the cells. Often it is found as a dense network of 
dark orange staining material, such as Dangeard describes as 
occurring in the cells of the growing points and leaf primordia 
of various Gymnosperms. 

Dangeard (1923) has described the formation of this tannin 
network. In the earliest formed vacuoles, constituting the 
‘vacuome’.system of embryonic cells, the vacuoles contain only 
metachromatic granules which give the vacuolar network a 
black stain with haematoxylin. In the second phase, the vacuo- 
lar content now contains a yellow colored product which shows 
itself more and more distinctly. The vacuoles no longer stain 
deep black but appear indefinitely colored or brown or yellow. 
Later the vacuoles show a yellow tint, and the dark staining 
metachromatic bodies are confined to the borders of the vacuoles 
only. When the tannin appears in a cell it impregnates at the 
same time all the parts of the vacuolar system. His figures 
show the tannin deposits in the vacuome of young epidermal 
cells of leaf primordia of Cedrus Libani, and other Gymnosperms. 
Dangeard’s figures 6, 7, and 9 of plate 10, and 11 and 12 of plate 
12, of this tannin deposit, which he claims is a system of vacuoles 
in the form of a network, resemble closely those which I often 
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find in sections of the growing points of both healthy and mosaic 
diseased tobacco plants fixed with Bouin’s solution, or Flem- 
ming’s solutions. 

In the cells of leaf primordia and the growing points of 
diseased plants in which the tannin occurs as a network, the 
x-bodies, striated bodies, and the cell nucleus can also be clearly 
seen in the cell. All stages of cell division, including progressive 
cell plate formation stages in which the ring of kinoplasmic fibers 
which are laying down the plate are seen in polar view, can be 
found in cells in which the central vacuole contains this network 
of tannin. If the tannin in this form really constituted a 
vacuolar system of narrow anastomosing tube-like vacuoles 
impregnated with tannin, the phragmoplast of a division figure, 
the cytoplasm, and the plastids ought to lie in definite positions 
with reference to this tanniferous vacuolar network, and certainly 
in such stages of cell division, this vacuolar network ought to 
show some signs of constriction or distribution to the two 
daughter cells being formed by the laying down of the cell plate. 
Certainly the cytoplasmic threads ought to envelope this net- 
work, and thus bound the vacuolar tubes, as cytoplasmic 
vacuolar membranes always bound cell vacuoles. 

The evidence in my preparations, however, seems rather to 
point to the network of tannin being simply a deposit within 
the single cell vacuole, which itself is bounded by a distinct 
vacuolar membrane. The thin layer of cytoplasm which bounds 
the univacuolate cell of the growing stem region (ground meri- 
stem and protoderm) is still evident, as is its inner membrane 
which bounds the single large vacuole which nearly fills the cell. 
The cell nucleus lies in the primordial utricle or in the cyto- 
plasmic threads which cross the vacuole, and the plastids lie 
along the threads or in the mass of cytoplasm around the nucleus. 
The striated bodies, and the x-bodies are found along the cell 
wall or in the cell space. In the cell lumen, sometimes com- 
pletely filling it, or sometimes shrunken into a denser or closer 
meshwork, is the net-like deposit of orange or rusty brown 
colored tannin. 

Only in the flower buds have I found the tannin deposited 
in the form of large vesicles which stain blue with the Flemming’s 
triple stain. Tannin is extremely abundant in all parts of the 
young inflorescence as well as in the young flower buds. The 
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tannin vesicles are especially conspicuous in the cells of the 
floral envelopes and ovary walls. Here they often are so large 
that a single vesicle may nearly fill the entire vacuole. Such 
tannin vesicles are figured in cells of the floral envelope in plate 
27, figures 4 and 5. 

In unstained preparations of material fixed with Flemming’s 
solutions, the tannin granules or globules are clearly differentiated 
from the x-bodies, since they are deeply blackened by the action 
of the osmic acid, while the x-bodies appear relatively colorless. 
The x-bodies stain pale orange with Flemming’s triple stain. 
The tannic material, after bleaching with hydrogen peroxide for 
from one-half to one hour, loses its black color, and frequently 
stains a bright red with the Flemming triple stain when it 
occurs as globules or grains, purple when it is in the form of 
dense large tannin vesicles, and rusty yellow brown when it is 
deposited as a network in the vacuoles of the cells. 

I have repeatedly applied microchemical tests for tannin 
(Haas and Hill, 1921) to the hair cells of diseased leaves con- 
taining the striated bodies and x-bodies, but have never found 
the slightest indication that either of these bodies is of the 
nature of tannin. 

c. Cuboidal bodies. The brightly red staining minute 
cuboidal bodies found in the nuclei and in the promordial utricle 
of the cells of diseased tissue, as well as in the cells of healthy 
tissues, are not confused with the tannin bodies, which also 
stain bright red, since the latter are always rounded, and never 
cuboidal. The fact that they occur in the nuclei when the 
chromatin is sometimes evident in these as small red particles, 
even though the nucleus is in the resting condition, suggests 
they are of the nature of chromatin. Again they may appear 
in nuclei in which no nucleoles are present, which suggests they 
may be the nucleolar material in this cuboidal form. I have 
been unable to determine how they are distributed out into the 
cytoplasm, if their origin is really in the nucleus. They appear 
in my sections in nuclei which are evidently no longer able to 
divide. I find them most often in the nuclei of mature compan- 
ion cells in the veins of the leaf blade, or in the large nuclei of 
the very large hair cells of mature leaves. When present 
outside of the nucleus, they lie along the primordial utricle, 
imbedded in the cytoplasm. I have not observed them lying 
free in the cell vacuole. 
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Figure 8, plate 29, shows a very large nucleus of a very large 
hair cell, in which, although a large nucleole occurs, several 
red stained cuboidal bodies are also present. Figure 14c¢, 
plate 25, shows the cuboidal bodies imbedded in the large oval 
nucleus of a mature companion cell from the vein of a leaf blade. 
There are no nucleoli present in this nucleus. Figure 8, plate 27, 
shows four of these cuboidal bodies lying within the cell nucleus. 
The cell is from the ‘light cress green’ region of a leaf showing 
type 5 pattern (pale, definitely blotched). Figure 9 of this same 
plate shows two cells from the parenchyma cells surrounding 
a small vein in a leaf blade, in which the cuboidal bodies are 
present in the primordial utricle. In the lower cell, the nucleus 
aiso contains two of these bodies. 

These cuboidal bodies have been figured by Rawlins and 
Johnson (1924) who state that they are found in both healthy 
and diseased leaves, taking the black stain with Heidenhain’s 
haematoxylin, and the bright red stain of the safranin of the 
triple stain. 


4. The x-bodies in various tissues 


In fixed material the presence of these x-bodies always is 
associated with the other symptoms of the disease in a particular 
tissue. They are invariably present in the cells of the diseased 
areas, no matter what the nature of the tissues may be, or what 
their age, whether meristematic or mature. They are found 
in the youngest histogenic layers, dermatogen and periblem of the 
stem growing point, as well as in. very young leaf and branch 
primordia which are just bulging outward from the growing 
point. Sections through the growing points of the stem, through 
leaves of all ages and sizes, through stems and roots, all show the 
presence of these intracellular bodies in very many tissues: 
dermatogen and periblem of the young leaf and branch pri- 
mordia, and flower primordia; ground meristem and protoderm 
of the young stem and branch; epidermal, palisade, mesophyll, 
and vein tissues of the leaf blade; epidermal, parenchyma, 
phloem vessels, phloem and wood parenchyma of midribs, 
petioles, and stems; cortical, and phloem parenchyma of the root, 
as well as the dead epidermal cells, and xylem vessels of these 


organs. 
a. The x-bodies in the growing point. The x-bodies are most 
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regularly found in the young leaf primordia just back of the 
growing point. In my sections of great numbers of growing 
points of diseased plants, I have only once found the x-bodies in 
the meristematic layers of the growing point itself. In that 
case, nearly every cell of the dermatogen and periblem layers 
contained one or several small oval, or elongated x-bodies with 
minute vacuoles within them. The two youngest primordia on 
either side of the growing point also contain the bodies in every 
cell of the dermatogen, and practically every cell of the periblem 
layers. However, the cells of the primordia being slightly 
larger than the cells at the point itself, and their nuclei compara- 
tively smaller, the x-bodies are easily observed and appear 
distinctly larger in size, showing the presence of larger vacuoles 
within them. The x-bodies can be found in the cells as far as 
the tenth layer beneath the growing point, where, however, they 
are not nearly as numerous as at the point itself within the 
layers near the surface. The ground meristem cells below this 
tenth layer show no sign of the bodies or the striated bodies. 
The vein tissue is not present even in this region of the ground 
meristem. The presence of the x-bodies in the outer layers of 
the growing point, where there are as yet no conducting vessels, 
and the absence of the bodies in the cells of regions below the 
growing point where the conducting cessels are present, or in 
process of development, both seem to indicate that the disease 
travels easily along the epidermal and subepidermal tissues of 
the stem, through the young leaf primordia, and thus into 
the growing point itself. In one case in a series of sections of a 
growing point on which two young leaf primordia are just 
forming, x-bodies are found throughout the dermatogen cells 
of the primordia and in many of their periblem cells, up to where 
the dermatogen and periblem layers are just arising and curving 
up from the growing point itself to form these leaf primordia. 
The dermatogen cells and periblem cells along the growing 
point itself within these two young leaf primordia just bulging 
outward contain not a single x-body. One of the primordia is 
only about 40 microns in height, the other 1200 microns in 
height. 

Figure 10, plate 29, shows a group of four dermatogen cells 
from the growing point of the stem itself. The cells, though 
belonging to the histogenic layers of the growing point, show the 
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presence of small vacuoles in their cytoplasm, and small vacuo- 
late x-bodies are present in all four of the cells. In the case of 
the second and third cells the x-bodies lie adjacent to each other, 
and somewhat pressed against the opposite sides of the wall 
between the two cells. 

The primordial histogenic layers of the stem, leaf, and branch 
are distinctly meristematic in nature and are regarded as not 
containing storage products, crystals, or reserve materials of 
any kind. Yet these cells may contain one, two, or more small 
vacuolate x-bodies, and less often the striated bodies. Figure 
6, plate 18, shows a dermatogen cell from a very young leaf 
primordium in which a striated body lies along the outer wall of 
the cell, and a small oval vacuolate x-body is present. The 
cytoplasm appears as radiating strands about the nucleus. 

b. The x-bodies in the stem. X-bodies and disorganized 
striated bodies are found in stems of diseased plants of various 
ages and thicknesses. The x-bodies are found in the epidermal 
cells, and usually in several layers of the collenchyma cells 
below the epidermis. Then the cells of the collenchyma, between 
these few outer layers and the region of the fibrovascular ring 
of the stem, contain no sign of the striated bodies or the x-bodies. 
The x-bodies are found in the fibrovascular bundles in the phloem 
tubes, and phloem and xylem parenchyma ceils. The central 
pith cells again contain no bodies. Although the xylem tubes 
contain striated bodies, I have never observed the x-bodies in 
these vessels of the stem. 

Figure 1, plate 27, shows an epidermal cell from a stem about 
3/8 of an inch in diameter. The outer wall of the cell is very 
thick. A striated body lies against the inner wall. A large 
x-body containing small rounded vacuoles, in each of which a 
tiny red stained granule is present, lies next to the nucleus and 
extends out into the cell vacuole. Two oval plastids lie against 
the cell walls, one next to the nucleus, the other not far from 
the striated body. The clear rounded area in each repre- 
sents a starch grain which has remained unstained. 

c. The x-bodies in the root. X-bodies and striated bodies 
are found in sections of roots from diseased plants. These are 
found in the dead epidermal and collapsed cells around the root, 
which no longer contain nuclei or cytoplasm. They occur in 
the cortical parenchyma cells, and in the vein tissue within this 
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region. Figure 2, plate 27, is a cortical parenchyma cell from 
the root of a diseased tobacco plant, whose diameter was about 
1/16 of an inch. The cell contains globules of tannin stained 
bright red with the safranin of the triple stain. A striated 
crystal lies on one side of the nucleus, which is distinctly pressed 
into a bean shaped form by the pressure of the large x-body 
down into it. Each vacuole of the x-body is distinctly sur- 
rounded by a ring of dense granular matter, and each contains 
a minute red stained body in its center. The appearance of 
the vacuoles with these bodies within them is very much like 
that of the small nuclei of an Amoeba. Figure 3 of plate 27 
shows an x-body present in a cross section of a xylem vessel 
from a root. The nucleus apears to be in a somewhat degen- 
erated condition, as shown by the condition of its chromatin 
masses and the absence of a nucleole. An oval x-body lies 
between the nucleus and the disorganized striated body. 

d. The x-bodies in the flowers. My preparations of flower 
primordia and the young flower buds show cells so filled with 
tannin globules and vesicles that the nucleus and the tannin 
are the only distinguishable structures recognizable in these 
cells. However, in the floral envelopes, where the cells are 
somewhat larger, and the tannin is not so abundant, the cyto- 
plasm and x-bodies can be found in these cells. I have not been 
able to find the x-bodies in the very small tannin filled cells of 
the ovules, nor in the clear spaces of the embryo sacs. This 
may simply mean that the floral material I have fixed thus far 
has not been penetrated by the virus, or that if the material 
had not been fixed at a time of day when the tannic metabolism 
is at its height, I might have been able to see more clearly the 
distribution of the x-bodies in the floral organs. 

Although the seeds of tobacco are known not to carry the 
mosaic virus, there seems nothing present in the flower pri- 
mordia to prevent the passage of the virus up into the meriste- 
matic layers of the primordia, as occurs in the growing point of 
the stem. No doubt ovules into which the virus does penetrate 
do not develop, while those which escape the virus do, and these 
form the seeds which are found in the mature seed pod. Further 
work on this point is necessary, in the hope of learning just what 
the effects of the virus are upon the embryo sac and the formation 
of the seed. 
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In figure 4 of plate 27, a small x-body lies in the bridge of 
cytoplasm beside the nucleus of the cell. Three small plastids 
are also imbedded in the cytoplasm beside the nucleus. A large 
tannin vesicle lies in the vacuole above the nucleus. In figure 5, 
plate 27, the x-body is pear shaped, and shows only a single 
small vacuole in it. It appears to be partially surrounding 
the nucleus. Two small plastids lie in the cytoplasm above the 
nucleus. Two large tannin vesicles are present. One lies in 
the vacuole, the other partially in the vacuole and across the 
cytoplasm. 

e. The x-bodies in the leaf. As 1 have already described 
in the histogenic development of diseased leaves, x-bodies are 
found in leaves of all sizes and ages, from the earliest leaf pri- 
mordia just appearing at the growing point, through all stages 
of leaf development. The bodies are also found in the vein 
tissues of the blade and in the various tissues of the midrib and 
petiole. 

If the cells of the midrib are examined in a longitudinal 
section, the x-bodies can be found in nearly every cell of the 
epidermis, and the second, third, and fourth parenchyma layers 
inside of the epidermis. The bodies are small in the small 
epidermal cells, and appear larger and larger as they lie in the 
cells of the inner layers, which also are larger and larger with 
each successive layer further in from the epidermis. In the 
sixth and seventh layers, where the cells are very large, the x-bod- 
ies are also very large, and sometimes enormous. They are 
found only occasionally along the cells of these layers. X-bodies 
may be found, though very irregularly and infrequently, in 
the cells within the seventh up to the twenty-third layer from 
the epidermis. They are then found again in abundance in 
the phloem tubes, and companions cell, and phloem and xylem 
parenchyma cells of the two series of bundles or vascular strands 
found in the longitudinal section. The cells between the two 
vascular strands of the section do not contain them. 


5. The x-bodies in dividing cells, and the method of their dis- 
tribution 


My preparations of growing points and leaf primordia show 
every stage of nuclear and cell division and the distribution of 
the x-bodies between the daughter cells. I have figured all 
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stages of karyokinesis and cell plate formation, with the final 
distribution of the x-bodies in the daughter cells. Division 
figures in cells containing one, two, three, or more bodies are 
very common in the young primordia of leaves, and in the grow- 
ing regions of the stem. 

a. The resting nucleus. \n cells in which the nucleus is in a 
resting condition, one or several bodies may be present. If 
the cell is univacuolate, the cytoplasmic strands will extend 
across the vacuole, and perhaps the nucleus will hang suspended 
in the vacuole by means of these threads. The plastids, if they 
are present, will lie in the cytoplasmic strands as well as in the 
primordial utricle. In one cell in which the nucleus appears in 
the resting condition,—that is, it contains a single large nucleole, 
and several small nucleoles, and the chromatin as fine granular 
matter—two large x-bodies lie close to one side of the nucleus, 
and another lies on the opposite side of the cell, but near the 
nucleus. In another cell in which the nucleus contains a single ” 
large nucleole, and the chromatin in the form of fine purple 
staining grains, two small oval vacuolate x-bodies lie along one 
side of the cell, both of the same size and form as if after a 
recent division. In the former cell, described above, the dis- 
tribution of the several x-bodies in the cytoplasm suggests a 
chance distribution when the cell divides. In the latter cell 
described, the appearance of the two bodies suggests a previous 
multiplication on the part of the x-body, before the nucleus of 
the host cell has passed into the prophase stage as a preparation 
for karyokinesis (FIG. 1, PLATE 28). 

b. The prophases. In the prophases, the nuclear content 
not only undergoes preparation for division, but the cyto- 
plasmic make-up of the cell becomes considerably altered. The 
cytoplasm is more or less gathered about the nucleus, which 
may be suspended on a bridge of cytoplasm in the cell vacuole, 
or be supported there by radiating threads of cytoplasm. The 
x-bodies, if present, will lie either in the cell vacuole, or, as more 
generally is the case in the cytoplasmic mass around the nucleus. 
One cell in this stage of karyokinesis in my preparations contains 
a nucleus in which the chromatin is in the form of a continuous 
spireme, or very fine thread. The nucleole is still present. 
The plastids of the cell are gathered around the nucleus, as is 
also the cytoplasm. A single large vacuolated x-body lies out 
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in the cell vacuole. Another cell shows the nucleus with a 
thickened, but still continuous spireme. The plastids, are gath- 
ered around the nucleus in the cytoplasm. A large pear shaped 
x-body lies alongside the nucleus, as if in preparation for con- 
striction. In another cell, whose nucleus is in the same condition, 
a very elongated x-body present in the cell also indicates prepara- 
tion for constriction. Other cells with the nucleus at this stage 
show two or more x-bodies lying scattered about the nucleus 
in the vacuolar space, or imbedded in the cytoplasmic mass 
which surrounds it. 

Figure 2, plate 28, shows a cell from a midrib region of a 
primordium, in which the nucleus contains a single large nucleole: 
the chromatin is still in the form of purple staining grains 
strung along the linin threads: a large vacuolate x-body is 
present. In figure 3, the chromatin of the nucleus is in the form 
of a thin spireme, and two vacuolate x-bodies lie near the 
nucleus. 

At this stage, when the chromatin is in the form of a thin, 
spireme which is beginning to shorten and thicken, the fibrillar. 
threads radiating around the nuclear membrane become evident. 
In vacuolated ceils, the threads are often limited to the regions 
in which massive strands of cytoplasm cross the cell vacuole. 
These massive strands are caused by the slipping along the wall 
of the cytoplasmic strands which formerly crossed the cell 
vacuole, and which are coalescing in this manner, so that there 
may occur a cytoplasmic distribution to the daughter cells 
forming. In one cell, in which the radiating fibrillar threads 
lie about the nuclear membrane which encloses the thickened 
spireme, a small x-body lies pressed close to the nuclear mem- 
brane. In another cell (Fic. 4, PLATE 28) the small x-body 
lies above a cytoplasmic strand which still extends across the 
cell vacuole. 

The fibrillar material evident in this radial stage swings 
around toward the regions of the nucleus which are destined 
to form the poles of the spindle, and in doing so the threads 
crossing each other form the multi-polar arc stage of the pro- 
phase . The chromatin is still in the form of a thickened and 
continuous spireme. In one cell, I have found a small x-body 
close to the nuclear membrane, while another lies against the 
cell wall. In the cell figured in figure 4, plate 28, there is found 
a small x-body lying close to the cell membrane. 
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In cells in which the chromatin is still in the form of a very 
much shortened and thickened spireme, the polar caps formed 
by the fusion of the fibrillar material are now present. The 
nuclear membrane is still present, but very thin, and nearly 
ready to disappear. In one cell, I have observed two small 
x-bodies, one lying next to each polar cap. In another cell, 
one small body lies next to a polar cap, while another large 
x-body lies below the other polar cap in the cell vacuole. Figure 
6 shows a small vacuolate x-body in a cell whose nucleus is at 
this diarc stage of the prophase, with its spireme fragments 
shortened and thickened. 

c. Equatorial plate stage. This disintegration of the nuclear 
membrane leaves the spireme fragments or chromosomes lying 
in the dense cytoplasmic mass which formerly surrounded the 
nucleus, while the spindle fibers move in from the poles to form 
the spindle. If there are any x-bodies present, they are usually 
found close to this chromosomal mass, and lie scattered around 
it in the cytoplasm. In one case, I observed one-half the 
chromosomal mass perfectly normal in appearance, while the 
other half, near which lay a large x-body, seemed to be still 
connected as if in the spireme stage, staining very dense red, 
and appearing much thinner and shrunken. More often there 
are two x-bodies found in cells showing the chromosomes ar- 
ranged in the equatorial plate stage; and, seen in polar view, one 
x-body is usually found lying on one side of the chromosome 
group, while the other lies on the opposite side. In a cell in 
which the group of chromosomes appears in polar view, two 
large x-bodies lie on either side of the plate, which appears to 
extend diagonally between them (Fic. 8, PLATE 28). Very 
often, a side view of an equatorial plate stage, in which the 
chromosomes lie along the central region of the spindle, shows the 
several x-bodies lying near the poles of the spindle. In the 
case of the cell figured in figure 7, plate 28, two large bodies are 
present, one lying below the spindle, the other to the side of the 
division figure, suggesting a movement around to the opposite 
pole of the spindle. 

d. Anaphases. In cells showing the chromosomes moving 
toward the pole, the x-bodies are usually found grouped about 
the spindle, or in the vacuolar regions above or below or to the 
side of the figure. An early anaphase stage in a cell shows one 
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immense x-body at one pole, while another lies below the lower 
pole. In such figures, it is often found that an x-body may lie 
entirely across the lower or the upper pole of the spindle, but 
whether this would prevent the daughter chromosomes from 
reaching the poles or not, is uncertain. The fibers, however, 
never appear distorted in any way by the presence of the bodies 
so close to them, even though in the section they appear to lie 
upon them. In the cell shown in figure 9, plate 28, the chromo- 
somes are arranged upon the spindle in a late anaphase position: 
a large vacuolate x-body, whose vacuoles are clearly bounded by 
dense granular zones, and a small x-body lie near one pole of 
the spindle; two smaller vacuolate x-bodies lie above one pole of 
the spindle on the cytoplasm. 

e. The telophases. This marks the completion of the nuclear 
division, and the distribution of the cytoplasmic threads to 
the daughter cells. The distribution of the x-bodies which lie 
in the cytoplasmic threads often appears very distinctly to be 
more than a matter of pure chance. In the telophase, when 
the spindle fibers are going to spread out across the cell, shorten 
and thicken, and their material become deposited along the 
central plane between the two daughter nuclei to form the cell 
plate, the cytoplasmic threads are also observed to be moving 
out across the cell and enveloping the phragmoplast fibers, 
which are moving further across the cell and becoming more and 
more separated from the daughter nuclei. The stretching out 
of the cytoplasm in this way also forces the two daughter nuclei 
down toward the newly formed cell plate, where they may 
more easily and directly influence the formation of new fibrillar 
material in the cytoplasmic boundaries of the phragmoplast 
fibers, which are being used up as the ring of kinoplasm moves 
across the cell. This arrangement of the cytoplasm in the form 
of a sheath about the daughter nuclei, with the phragoplast 
and cell plate between them, also provides for the mechanical 
distribution of the x-bodies. The cytoplasm containing the 
x-bodies is divided by the central cell plate, which is cutting it 
in two, and in this way the x-bodies come to lie in one or the other 
of the daughter cells. In addition to this chance method of 
distribution, there is some evidence pointing to some movement 
on the part of the x-bodies in controlling their own distribution, 
as the occurrence of x-bodies in the path of the moving cell 
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plate, their position near the spindle or the poles of the spindle, 
or along the forming cell plates. In one cell a distinctly con- 
stricted x-body lies beside a phragmoplast, as if one portion 
will be left in the upper daughter cell, while the other half 
after the constriction will be found in the lower daughter cell. 

In an epidermal cell which is giving rise to a protrusion to 
form a hair cell, a division figure lies just in the region of the 
protrusion, that is, half way in the epidermal cell, and half 
way in the forming hair cell (F1G. 10, PLATE 28): the chromosomes 
are just reaching the poles; three x-bodies lie in the cell, one 
near each pole, and one to the side of the spindle. The position 
of the spindle indicates clearly that when each daughter nucleus 
is formed, one will lie in the epidermal cell, the other in the hair 
cell, and the x-bodies which lie near them will also be distributed 
in the same way. The central region of the spindle, in which 
the cell plate will form, lies in just the same plane, in which the 
cell plate must move across the cell to form a wall cutting off the 
hair cell from the epidermal cell. Alongside of the spindle, 
however, another large x-body is found, which will probably 
be in the way of the moving cell plate. It may move up into 
the hair cell, or back into the epidermal cell, when cell plate 
formation begins. 

In another cell (F1G. 11, PLATE 28) the daughter chromosomes 
at the poles are massed closely together; the spindle is beginning 
to widen; a large vacuolate x-body lies below the pole of the 
spindle, and another x-body is seen in cross section near the 
upper pole of the spindle. 

In another cell (FIG. 1, PLATE 29) the daughter chromosomes 
at the poles are beginning to loosen up and join to form a spireme; 
the phragmoplast has widened and is distinctly barrel shaped; 
an x-body lies near the spindle, and is seen in cross section as a 
narrow spindle shaped body with a small vacuole; a large 
vacuolate x-body lies below the division figure in the cell 
vacuole. 

In another cell (Fic. 2, PLATE 29) the daughter chromosomes 
at the poles are joined to form a loose spireme; the phragmoplast 
has widened considerably, and shows the beginning of cell 
plate formation; three large x-bodies are present, one lying above 
the spindle in the upper half of the cell, while the other two lie 
below the spindle, and will be left in the lower daughter cell 
when cell division is completed. 


1926] GOLDSTEIN: TOBACCO MOSAIC 58 


In another cell (F1G. 3, PLATE 29) the chromatin of the daugh- 
ter nuclei is still in the spireme condition, but each chromatin 
mass is now enclosed within a nuclear membrane; cell plate 
formation has been completed on one side of the cell, and the 
phragmoplast fibers on this side have disappeared and fused with 
the cell wall; the phragmoplast on the other side of the cell 
plate lies suspended in the cell vacuole, and has still to travel 
across the cell space; a large vacuolate x-body and two smaller 
univacuolate bodies lie in the upper vacuolar space; below that 
portion of the cell plate already laid down, a large x-body with 
two rounded vacuoles is present, and a small univacuolate 
x-body lies next to the nucleus. 

An epidermal cell contains a cell plate figure suspended by 
cytoplasmic threads in the cell vacuole (FIG. 4, PLATE 29); the 
phragmoplast fibers are still present on both sides of the forming 
cell plate; the daughter nuclei are enclosed in membranes but 
show their chromatin still in the spireme stage; a large vacuolate 
x-body is present in the lower and upper halves of the cell, so that 
the cell plate will cut across the cell space, leaving one in each 
daughter cell; a third x-body is seen in cross section lying next 
to the cell wall, so that the cell plate will probably meet it and 
push it to one side or the other. 

f. Daughter cells. When the cell plate has been formed 
across the cell space, and the phragmoplast fibers have fused with 
the cell membrane of the original cell, the two daughter cells ap- 
pear also to be univacuolate, and show only a thin sheath of 
cytoplasm about the walls, while along the newly formed cell 
plate the cytoplasmic layer is very dense and wide, and the 
daughter nuclei lie here close to the cell plate. In such cells, 
the x-bodies are also found very close to the newly formed cell 
plate in the dense cytoplasmic mass. There however may be 
other x-bodies in the cell vacuole above or below the plate. 
As the cytoplasm now begins to draw away from this region, 
and swing up from the plate toward the farther walls of the 
daughter cells, cytoplasmic threads become evident across the 
cell vacuoles. The nucleus itself in each daughter cell is thus 
swung up into the cell space, and the x-bodies too may in this 
way be drawn up into the cell vacuole, and lie there in the 
vacuolar sap, or lie in the cytoplasmic strands as they move 
through the cell space. 
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In one case the cell plate has just been completed and the 
daughter nuclei are still found close to one another on opposite 
sides of the cell plate, staining very deep red, as their chromatin 
is still in the form of a spireme. One x-body lies in each cyto- 
plasmic sheath along the cell plate. In another case, the cell 
plate is completed, and the daughter nuclei appear completely 
reconstructed, so that each shows a small nucleole present, and 
the chromatin in the form of purple staining grains again, after 
the dissolution of the spireme material. One daughter cell 
shows a large vacuolate body alongside the nucleus against 
‘the newly formed cell plate. The other cell shows two x-bodies, 
one against a wall of the cell and one below the daughter nucleus. 

In a two celled hair in which a cell plate has just been laid 
across, the daughter nuclei are completely formed; the upper or 
tip cell contains two small x-bodies, the lower cell one x-body. 

In the two daughter cells shown in figure 5, plate 29, the 
daughter nuclei seen in polar view are rounded; the chromatin 
has broken up into rounded purple staining grains strung along 
the linin threads; nucleoles are already present in each nucleus; 
the cytoplasm, by means of moving cytoplasmic threads, is 
just beginning to swing up from the newly formed cell plate 
and stretch across the cell space of each daughter cell towards the 
farther walls of the cells; a large vaculoate x-body is present 
in each cell. 

Two daughter cells in figure 6, plate 29 show the daughter 
nuclei fully reconstructed, and their chromatin reduced to fine 
granules giving them an almost homogeneous appearance; each 
nucleus contains red stained nucleolar material; a large vacuo- 
late x-body lies in the cytoplasm of each cell. 


V. GENERAL DISCUSSION 


I have classified and described both macroscopically and 
cytologically the commonly recognized symptoms of mosaic 
as a series of six patterns, each of which is correlated with the 
particular growth and histogenic stage of development which 
the leaf had reached when its cells were affected by the virus. 
The series is of course based on my studies of Connecticut Seed 
Leaf tobacco, inoculated with the particular strain of the virus 
with which I have worked. As noted above, I have already 
evidence of the existence of another or a modified strain of the 
virus which produces recognizable differences in the patterns. 
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The distinctness of the patterns, and their sequence have 
been repeatedly determined and confirmed by inoculating 
successive series of plants all similar in age, size and cultural 
conditions of growth, with virus obtained from the same diseased 
leaf, and in a corresponding leaf of the plant. The patterns 
described are: Type 1 (dark, vaguely blotched) found in the 
youngest of the large leaves on the plant at the time of the 
inoculation and above the inoculation point: Type 2a (pale 
crinkled) found in the youngest leaves present on the plant 
at the time of its inoculation, one of which will present the most 
distinct disease symptoms visible on the first appearance of the 
disease in the plant—‘the critical leaf;’ Type 2b (pale, vaguely 
blotched) resulting when leaves of type 2a (pale crinkled) 
expand in their further growth; Type 3 (narrow nervisequum) 
associated with the first leaves after the inoculation that de- 
veloped from young primordia with the virus in them; Type 4 
(malformed, broad nervisequum) found in the leaves which 
developed from the growing point of the stem when the symptoms 
of disease are already present in the plant, and the virus enters 
the young primordia as they are formed at the growing point; 
Type 5 (pale, definitely blotched); and finally Type 6 (irregular 
narrow nervisequum) which often persists until the flowering 
of the plant. It should be noted that this definite seriation in 
the symptoms is quite in agreement with the cyclic sequence 
of the symptoms in many diseases known to be caused by 
parasitic organisms. 

As indicated in this seriation of the mosaic pattern types, 
the anatomical structure of a diseased leaf is correlated with 
the stage of its development when the virus entered it. When 
cuboidal cells are found in the light green areas of a given leaf, 
infection must have occurred at a very young stage and these 
cells have simply remained undifferentiated. The double 
palisade layer of the dark green areas, when studied from the 
developmental and histogenic standpoint, can be shown to be 
characteristic of young healthy green leaves at a certain stage 
of their development; neither has the hyperplastic development 
of a second layer of cells taken place, nor has hyperplasia of 
the cells themselves occurred in the dark green areas; the cor- 
responding palisade cells of a leaf of mature development upon 
a mature plant may be much larger both in width and length 
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than I have ever found them to be in the dark green regions of 
diseased leaves. 

The nuclei of the cells in the dark green area, as shown by the 
measurements given above, are always smaller than those of 
healthy cells in leaves of corresponding size. Although the dark 
green regions of young leaves first contain plastids larger in 
size than those in healthy young leaves of corresponding size, 
when the cells of older healthy and diseased leaves are compared, 
the plastids in healthy leaves are found to be larger than those 
in the dark green regions of the diseased leaves. It is repeatedly 
stated in the literature that both hyperplastic and hypoplastic 
areas occur in mosaic diseased leaves of tobacco, but so far as I 
find, the latter has not been regarded merely as arrested develop- 
ment. 

In fact hypoplasia alone may be said to occur both in the 
light and dark green regions of the leaf blade of mosaic diseased 
leaves. Kiister regards hypoplasia as leading to a condition 
in which ‘the number, size, or differentiation of the cells of 
pathological tissues remains more or less below the normal.’ 
‘The dark green areas then, since they represent a stage in the 
histogenesis of the leaf which is characteristic of a young healthy 
leaf, in reality present a case of retarded differentiation. Histo- 
genic development has ended prematurely and the cells have 
simply elongated, but never to the extent found in healthy 
mature leaves. The dark green areas must also be regarded as 
showing hypoplasia. 

The leaf patterns of many variegated plants resemble those 
found in the mosaic diseased leaves of tobacco. Such leaf 
patterns of Co/eus, in which a red colored pigment is distributed 
only along the veins of the leaf, or in which the pigmented or 
yellow areas occur as large or small sectors of the leaf bounded 
by the leaf veins, or often crossing them irregularly, or as defi- 
nitely or indefinitely bounded blotches, all suggest such patterns 
as are found in mosaic diseased tobacco plants. 

Kiister has made a careful study of many variegated plants 
and an especially fine study of the leaf patterns in Coleus, 
He believes that Baur’s idea of a differential cell division is of 
extremely doubtful application, as far as the variegations in 
Coleus are concerned, since in the red areas there may be isolated 
cells or groups of cells which are green. The red orccuring only 
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along the veins makes it appear that the cells in the vicinity of 
the veins receive from them something with which to build the 
anthocyanin. He favors the view that the patterns produced 
are very much in the nature of the precipitation phenomena 
described by Liesegang. 

It is quite evident that, although Kiister has shown in great 
detail that the striped and zebra patterns of many plants, and 
the blotching and mottling of others may be duplicated in 
vitro by different arrangements of the silver nitrate and the 
substratum, the initial cause which brings about the distribu- 
tion of the active agent has still been left unsolved. What is 
there which operates within certain cells of the plant to first 
localize in centers and then produce the dispersion outward of 
material causing the rings, circular blotches, or irregular patches 
of color? The fundamental problem to be solved is the cause 
of the localized occurrence of the agents that bring about the 
changes in the leaves. 

The mottling found in such leaf patterns of tobacco as types 
1, 2, and 5, where the centers of the vein islets may conceivably 
be focal centers for the diffusion of toxic products, is possibly 
to be considered as the expression of Liesegang phenomena. 
The coarser blotching of type 5 (pale, definitely blotched) in 
the same way suggests perhaps that the virus has originated or 
centered at certain points and its effects are diffusing outward in 
all directions. However for such patterns as types 3, 4, and 6, 
in which the apparently healthy dark green blotches occur along 
the veins, while the entire leaf is decidedly in a diseased condition, 
as evident from its light green color and its simpler anatomical 
structure, the analogy is not so apparent. 

In my opinion the dark green areas represent regions which 
have escaped infection in the early stages of the entrance of the 
virus into the leaf primordium. They are able to go through 
their histogenic development for a time, but soon the toxins of 
the virus hinder the completion of histogenesis, as far as dif- 
ferentiation is concerned. The cells continue to enlarge, and 
can only do so by elongating, since they are bounded by cells 
which, owing to the presence of the virus, are not enlarging 
to any extent, and are rather rigid. When the cells of the dark 
green regions divide, they are likewise under pressure from the 
surrounding light green regions which are enlarging more slowly, 
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so that a bulging upward to form a blistered or puckered region 
(savoying) results. It is not obvious just why the dark green 
areas are found along the veins of the leaf as they occur in the 
patterns 3 (narrow nervisequum), 4 (malformed, broad nervi- 
sequum), and 6 (irregular, narrow nervisequum). The oc- 
currence of the red anthocyanin pigment along the veins of 
Coleus leaves is explained by Kiister as due to the diffusion out- 
ward from the veins of the blade of products carried by the veins 
for the building of anthocyanin. 

It seems scarcely possible that the veins should carry an 
anti-body whose effects are thus visible in the cells next to them 
which are first reached. The nervisequum patterns are found 
only in leaves which have developed as primordia from the 
growing point of the stem after the appearance of the disease 
symptoms in the plant. It seems to me more probable that 
the dark green regions represent areas into which the virus did 
not penetrate when the leaf was in the embryonic condition. 

The different effects of the virus seen in the structure of the 
leaf blade can all be correlated with the influence of the virus upon 
the growth and differentiation of the blade during the early 
stages of the development of the leaf. The narrow blade, 
the frenched leaf, with irregularly lobed, crenate, and toothed 
margins, all indicate the dwarfing effects of the virus acting 
in the original leaf primordiunt. The various forms represent 
broadly the stages in histogenic differentiation at which the 
virus became effective, modified by accidents of distribution, 
degrees of virulence, etc. 

The x-bodies appear to be distributed throughout the cells 
of diseased tissues in the youngest histogenic layers as well as in 
mature cells of old diseased leaves. My studies show, as indi- 
cated in plates 28 and 29, that in the growing points and in the 
formation of all new organs after the virus has reached the 
growing point, the distribution of the x-bodies is accomplished 
by the division of the infected host cells. Each new daughter 
cell formed contains before it is separated from its sister cell 
one or more x-bodies. I have some evidence that the x-bodies 
elongate and pull apart by constriction to form two, but as they 
are amoeboid in form, it is difficult to arrive at positive con- 
clusions in such a matter. 

I have found no evidence of the migration of x-bodies through 
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the cell walls in these young tissues, and there is no reason for 
assuming that it occurs since their spread into the young leaves, 
flowers, etc., is provided for by their distribution in the division 
of the host cells. The first infection of a healthy plant, and 
the migration of the virus to the growing points are of course 
another matter, the cytological aspects of which I am still 
studying. 

As I have suggested in a previous paper (1924) the fact that 
the virus of tobacco mosaic is able to pass through bacterial 
filters does not mean necessarily that the size of the infective 
particles must be extremely minute. The x-bodies do not 
appear to be denser than the nuclei of cells which are known 
to be able to migrate through cell walls (Miehe, 1901; Schurhoff, 
1906). I have repeatedly observed in my sections nuclei passing 
through minute, practically invisible openings of the cell walls. 
This generally occurs near the cut surface of the material, and 
is probably a wound response. 

Kunkel (1918) describes the passage of the organism pro- 
ducing club root of cabbage, Plasmodiphora Brassicae, through 
the cell walls of affected plants. He states that the organism 
makes an opening in the wall, and believes he can see evidence 
of a softening of the wall. He states that after the organism 
has passed through, the cell walls appear practically unchanged. 

The x-bodies are not disorganized nuclei. From my studies 
of sectioned material, I am convinced that binucleate and 
multinucleate cells do not exist in the healthy or diseased tissues 
of tobacco plants. As I have pointed out in a paper (1925) on 
polar views of division figures, the binucleate condition reported 
by Arber and Beer in the growing regions of a great many 
plants is based on a failure to recognize the existence of cross 
walls or cell plates that lie in or near the plane of the section. 

The x-bodies are not tannin vesicles. They stain differently, 
and show an altogether different appearance from tannin 
vesicles or the tannin granules which are found in great abundance 
at certain periods in the cells of young tissues. 

The striated bodies are evidently associated with the mosaic 
diseased condition of two Solanaceous plants, Nicotiana Tabacum, 
and Solanum aculeatissimum, and appear to be reaction products 
of the cell. I have not as yet been able to determine satis- 
factorily their chemical constituents, but am inclined to compare 
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them to cystoliths and similar cell inclusions of mixed organic 
and inorganic make-up. 

I gratefully acknowledge my indebtedness to Professor R. A, 
Harper for his many valuable suggestions in this study and in 
the preparation of this paper. 
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Explanation of plates 
PLATE 18 


The comparative sizes of leaves on a plant, which, because they have reached 
certain stages in histogenic development, will upon the inoculation of the plant 
present certain mosaic pattern types. XX 2/3. 

Fic. 1 shows a leaf in the fifth stage of histogensis which will show pattern 
type 1 (dark, vaguely blotched) if the plant becomes diseased. 

Fics. 2 and 3 are leaves which would show pattern type 2 (pale crinkled), 

Fic. 4 shows a leaf which, upon the appearance of the disease in the plant, 
would show type 3 pattern (narrow nervisequum). 


PLATE 19 


This leaf shows mosaic pattern type 1 (dark, vaguely blotched). Natural 
size. 
PLATE 20 


Fic. 1. This leaf shows mosaic pattern type 2a (pale crinkled). 

Fic. 2. This leaf shows mosaic pattern type 2b (pale, vaguely blotched). 
The crinkling shown in the earlier stage type 2a has entirely disappeared. X .6 
approximately. 


PLATE 21 


Fic. 1. This leaf shows mosaic pattern type 3 (narrow nervisequum). 
Fics. 2 and 3 show two stages in the development of a leaf showing pattern 
type 4 (malformed, broad nervisequum). Natural size. 


PLATE 22 


Fic. 1. This leaf shows the presence of two consecutive leaf mosaic patterns; 
pattern type 4 (malformed, broad nervisequum) in the upper third of the leaf, 
and pattern type 5 (pale, definitely blotched) in the lower two-thirds of the leaf. 

Fic. 2. This leaf shows pattern type 6 (irregular, narrow nervisequum). 
X 2/3 approximately. 


PLATE 23 


The drawings were made with the aid of the Abbe camera lucida. A Zeiss 
microscope was used with 1/12 oil immersion objective and ocular 3. Figures 1-15, 
plates 23-26, have been reduced about one-sixth in reproduction, the present 
magnification being approximately 1020 diameters. Figure 16 and part of plate 
27, done with the drawing board at a greater distance from the camera, have 
higher magnifications, as indicated. 

Fics. 1a-1c. Cells from a section of a leaf 12 X 6 inches in size, showing 
pattern type 1 (dark vaguely blotched). The anatomical structure shows that 
histogenesis was at stage 5 at the time of infection. 

Fig. 1a. A palisade cell showing numerous normal plastids along the cell 
walls. The nucleus is distorted by the pressure of an x-body against it. There 
is a single round vacuole in the x-body. Striated material lies above and to the 
side of the nucleus. 
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Fic. 1b. A cell from the third layer of the leaf (mesophyll). The striated 
material has dissolved out across the cell. 

Fic. 1c. An epidermal cell showing an irregular shaped nucleus and a vacuo- 
lated x-body. 

Fic. 2. A palisade cell from a leaf 8.5 X 3.75 inches in size, showing pattern 
type 2a (pale crinkled). The cell appears normal save for the presence of two 
striated bodies which extend across the cell vacuole. 

Fics. 3a~3c. Cells from a diseased leaf 10 X 4.5 inches in size, showing 
type 2b pattern (pale, vaguely blotched.) 

Fic. 3a. A palisade cell. The plastids appear to possess vacuoles, which 
represent spaces left by starch grains. A striated body, and a large vacuolate 
x-body lie near the nucleus along the cytoplasmic bridge which extends across 
the cell. 

Fic. 3b. A cell from the third layer of the leaf (mesophyll) showing the 
absence of a second layer of palisade cells in stage 5 of histogenesis. 

Fic. 3c. An epidermal cell in which the cell nucleus, a vacuolate x-body, 
and a striated body are present. 

Fic. 4. A palisade cell from a healthy leaf 9 X ¢ inches in size. There was 
only one palisade layer in this leaf, as is characteristic of leaves of vigorously 
growing plants when fully grown. The starch is present in the plastids as lens 
shaped grains of reddish blue (triple stain). 

Fic. sa-sd. Cells found in a section of a leaf 5 X 2 inches in size, and showing 
type 3 pattern (narrow nervisequum). 

Fic. sa. A palisade cell of the first layer, and Fic. sb a palisade cell from the 
second layer of the dark green region of leaf. 

Fic. sc. A palisade cell from the transition region between the dark green 
region and the yellow green region of the leaf. 

Fic. sd. Palisade cell from the light green area of the leaf. The x-body 
contains two vacuoles, in one of which is a bright red staining body with delicate 
radiating strands. The cell nucleus contains three nucleoles. The plastids appear 
normal in the primordial utricle. The small oval univacuolate bodies which lie 
on either side of the cell above the striated body are probably small x-bodies. 

Fic. 6. Dermatogen cell from a primordium. A striated body lies along 
the outer wall of the cell. A small vacuolate x-body lies alongside of the large 
rounded nucleus characteristic of the cells of the histogenic layers. 

Fic. 7a. Palisade cell from a very young primordium in which all of the cells 
showed disease symptoms. The large vacuolated x-body contains one vacuole 
in which a red stained body with radiating threads is present. I am doubtful as 
to the identity of the small vacuolated bodies lying about in the cytoplasm. A 
primordial cell of this size does not ordinarily contain plastids. It is probable 
that these are small x-bodies. 

Fic. 7b. Palisade cell from a leaf primordium of a healthy plant. The 
nucleus still retains the characters of nuclei in meristematic layers in its large 
size and rounded form. The cytoplasm is typical for this stage in histogenesis 
when the cuboidal cells of the second layer from the upper surface are beginning 
to divide radially to produce the narrow cells of the palisade layer. The cells 
are multivacuolate at this stage. 

Fics. 8a-8c. Cells from a healthy leaf 3 by 5/8 inches in size, and figs. 
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8d-8i cells from the dark and light green areas of a diseased leaf of the same size, 
showing disease pattern type 4 (malformed, broad nervisequum). 

Fic. 8a. Palisade cell; r1G. 8b a cell from the third layer of cells in the section; 
and Fic. 8c an epidermal cell. This early stage in histogenesis (stage 4) is 
characterized by the formation of such narrow oblong cells as in fig. 8a, by the 
simple radial divisions taking place in the cuboidal cells of this layer. The cells 
are further characterized by the appearance of plastids, which are few in number, 
small, oval, and strung along the cytoplasmic strands traversing the cell vacuole. 


PLATE 24 


Fic. 8d. Palisade cell from the dark green region of the diseased leaf. Fie. 
8e, a cell from the second palisade layer. Fic. 8f, a palisade cell from the second 
leaf layer (corresponding to a palisade cell shown in fig. 8d). Fic. 8g, a cell from 
the third cell layer of the section (corresponding to a second palisade cell shown 
in fig. 8e), of the light green region of the diseased leaf. 

Fic. 8h. Epidermal cell from the dark green region of the diseased leaf. 
Fic. 8i an epidermal cell from the light green region of the diseased leaf. 

Fics. 9a-9d. Cells found in sections of leaves 1 X 3.75 inches in size and show- 
ing type 4 (malformed, broad nervisequum) pattern. Fic. ga, a palisade cell in 
a healthy leaf of this size. Fic. 9b, a corresponding palisade cell from the dark 
green region of the diseased leaf; it presents a much older cell as far as cell content 
is concerned than the cell figured in 9a from the healthy leaf. This cell, in spite of 
its small size, presents a mature type of structure such as would be found in a 
much larger healthy leaf; its plastids are arranged in the primordial utricle, and 
there is a single large vacuole present in the cell. 

Fic. 9c. Palisade cell from the light green region of the diseased leaf. It 
shows the mature cell structure, although retaining the cuboidal form of a younger 
stage in histogenesis. 

Fic. 9d. Epidermal cell from the light green region showing a striated body, 
the cell nucleus, and a vacuolate x-body in the cell vacuole. 

Figs. toa—-1oc. Cells from a healthy leaf 5 X 2 inches in size, and Fics. 10d— 
10h, cells from a diseased leaf of the same size showing type 4 pattern (malformed 
broad nervisequum). 

Fic. 10a. Palisade cell of the first palisade layer, and Fic. tob, a cell of the 
second palisade layer. These cells illustrate the fourth stage in histogenic develop- 
ment as far as the cells of the second and third layers of the leaf are concerned, 
and the cell content of cells in this stage of development. There is a large central 
vacuole, the nucleus lies suspended in it by cytoplasmic threads, and the plastids 
lie in the primordial utricle which lines the walls. Fic. toc. An epidermal cell 
in which vacuolization has continued so that a single vacuole is found, and the 
plastids have not increased in number. 

Fic. tod. Palisade cell of the first palisade layer in the dark green region 
of the diseased leaf. Fic. 10e, a palisade cell from the same region, belonging to 
the second layer of palisade cells. A comparison with the healthy cells figured in 
1oa and 10b shows that, although these cells present an identical picture as far 
as cell content is concerned, they are not as large as the cells of the healthy leaf. 

Fic. 10f. Palisade cell which marks the transition from the dark green 
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region to the light green region of the diseased leaf; it contains a striated body, and 
a small x-body wrapped around the cell nucleus. 

Fic. 10g. Palisade cell of the light green region of the diseased leaf; the 
nucleus is in the prophase stage; a crescent shaped x-body lies next to the nucleus. 

Fic. toh. Cell from the layer below this, corresponding to the cell figured in 
10e of the second palisade layer in the dark green region. The cell nucleus and an 
x-body lie imbedded in a mass of disorganized striated material along the lower 
wall. 

Figs. 11a, 11b, and 11c. Drawings of cells from a mature leaf showing disease 
pattern type 4 (malformed, broad nervisequum). 

Fic. 11a. Palisade cell of the first palisade layer in the dark green region of 
the leaf; ric. 11c, a palisade cell from the second palisade layer of this region. 
Fic. 12¢ shows the cuboidal form of the cells that in the light green region corres- 
pond to a palisade cell of the dark green region such as is illiustrated in Fic. 11a. 


PLATE 25 


Fic. 11d. Palisade cell from the first layer of the palisade cells in a healthy 
mature leaf; F1G. 11e, the form of a palisade cell in the second palisade layer of the 
same leaf. 

Figs. 12a-12c. Cells from a leaf 6.5 X 3.25 inches in size, showing disease 
pattern 4 (malformed, broad nervisequum). 

Fic, 12a. Palisade cell from the dark green area; Fic. 12b, a cell from the 
second palisade layer of the same area. Fic. 12c. A palisade cell which marks 
the transition from the dark green to the light green region. At this point there 
was no longer a second palisade layer. 

Fics. 12d and 12e. Corresponding cells of the palisade layers from a healthy 
leaf on an old mature plant. The cell in fig. 12d is more massive than the cor- 
responding cell in the dark green area of the diseased leaf shown in fig. 12a. The 
plastids are also much larger. 

Fic. 14c. Companion cell from the veins in a leaf blade showing pattern 
type 5 (pale, definitely blotched). The cell contains a large striated body, an 
x-body pressed against the wall, and a large oval nucleus; the cell nucleus contains 
red stained cuboidal bodies but no nucleoles. 


PLatTe 26 


Fics. 13a-13e. Cells from sections through a diseased leaf showing type 4 
pattern (malformed, broad nervisequum. 

Fic. 13a. Palisade cell from the first palisade region in the dark green region 
of the leaf; ric. 13b, a palisade cell from the second palisade layer. The plastids 
appear large and rounded and contain no starch grains; the cell nuclei are small, 
in spite of the large size of the cells, as is characteristic of the cells in the dark 
green region of diseased leaves. 

Fic. 13c. Palisade cell of the first palisade layer; ric. 13d, a palisade cell 
from the second palisade layer of the light green region closely adjoining the dark 
green region, the palisade cells of which are shown in figs. 13a and 13b. 

Fic. 13c. A very large vacuolate x-body lying in the cell vacuole, but some- 
what obscured by the striated material lying above it; another striated crystal 
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lies along the wall, where the cell nucleus is also found. The plastids present 
quite a different picture from those in the cells of the dark green region: they are 
fewer in number and shrunken in size, and often barely discernible in the thin 
cytoplasmic sheath (primordial utricle) which lines the walls. 

Fie. 13e. Epidermal cell from the light green region, showing abundant 
disorganized striated material, in which the individual striae are very’ distinct; 
an oval vacuolate x-body lies near the nucleus. 

Fics. 14a, 14b. Palisade cells from a diseased leaf showing type 5 pattern 
(pale, definitely blotched). Fic. 14a is from the slightly darker green region which 
marks the blotch. Fic. 14b is from the slightly lighter green region which sur- 
rounds the blotch. 

Fics. 15a, 15b. Palisade and mesophyll cells in an old yellowed leaf near 
the base of a diseased plant; the leaf had shown no signs of disease. The cells 
contain plastids in which the starch grains are stained red with the safranin, 
instead of having taken the normal blue of the gentian. Although striated bodies 
were present in all the cells, there were no x-bodies. Elongated needle-like crystals, 
or raphides, were found in the cell vacuoles. X 1020. 

Fics. 16a, b, c,d. X-bodies drawn as they appear in a piece of epidermal 
tissue which was simply fixed with Schaudinn’s solution and stained and mounted at 
once without sectioning. Magnification about 1615. 

Fic. 16a. A portion of an epidermal cell of a midrib, showing two vacuolate 
x-bodies, one distinctly amoeboid in form. Four small plastids in which the 
starch grains appear as colorless areas are present. The nucleus with its single 
nucleole shows a homogeneous structure. The crystals are partially dissolved. 

Fics. 16b, c, and d show various forms of the x-bodies found in the cells, 
and their appearance with this mode of fixation and staining. 


PLATE 27 


Fic. 1. An epidermal cell from the stem of a diseased tobacco plant. The 
cell contains a large striated body, a dark stained nucleus, and an x-body in each 
of whose vacuoles a red stained body is present. The outer wall of the epidermal 
cell is very thick. XX 1020. 

Fic. 2. A cell from the cortical parenchyma of a root of a diseased tobacco 
plant. The cell contains red stained globules of tannin. The nucleus is pressed 
in on one side by the x-body. The vacuoles of the x-body each contain a red 
staining minute body. X 1020. 

Fic. 3. A section through a xylem vessel in the root. The nucleus appears 
somewhat disorganized but still retains fragments of chromatin. The x-body lies 
between it and the striated body. X 1020. 

Fic. 4. A cell from the floral envelope of the flower. A large tannin vescicle 
is present, which nearly fills the upper vacuole of the cell. A small oval x-body 
lies in the bridge of cytoplasm supporting the nucleus in the cell space. XX 1785. 

Fic. 5. A cell from the floral envelope of the flower. Two large tannin 
vesicles are present, one in the cell vacuole, and one in the cytoplasm but pro- 
jecting somewhat out into the vacuole. A pear shaped x-body containing a 
single vacuole lies curved about the nucleus. A striated body extends along the 
lower wall of the cell. X 178s. 
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Fic. 6. A xylem parenchyma cell from a cross section of the midrib of a 
large leaf showing type 1 pattern (dark, vaguely blotched). The nucleus appears 
somewhat degenerated. A large oval vacuolate x-body, whose vacuoles are 
clearly marked by rings of dense granular material, lies above the striated material 
in the cell. The thick walls of two adjacent xylem vessels are shown. The cor- 
ners of the cell are very much thickened. X 1785. 

Fic. 7. A portion of a phloem tube of a vein in the blade of a leaf showing 
type I pattern (dark, vaguely blotched). A small vacoulate x-body lies above 
the elongated nucleus. X 1020. 

Fic. 8. A palisade cell from the light green region of a leaf showing type 5 
pattern (pale, definitely blotched). Four cuboidal bodies lie in the nucleus which 
contains no nucleoles. An x-body lies next to the nucleus. X 1785. 

Fic. 9. Two parenchyma cells near the veins of the same leaf blade described 
above. The cuboidal bodies are lying in the primordial utricle, and, in the lower 
of the two cells, two of these bodies are lying within the nucleus. 


PLATE 28 


The drawings were made with a 2 mm. apochromatic oil immersion objective 
with compensating ocular 15; the original magnification of 1900 diameters has 
been reduced in reproduction to approximately 1290 diameters. 

Fic. 1. A dermatogen cell from a leaf primordium, showing the nucleus in 
the resting condition, and the presence of two small vacuolate x-bodies. 

Fic. 2. A cell from the midrib of a leaf primordium in which the nucleus is 
in a resting condition, and a single very large x-body lies near the nucleus. 

Fic. 3. A cell from the ground meristem of a branch primordium. The 
chromatin is arranged in a thin spireme. Two vacuolate x-bodies are present in 
the cell. 

Fic. 4. A dermatogen cell from a young leaf primordium in which the nucleus 
contains a thickened spireme, and radiating cytoplasmic threads are present about 
the nucleus. A vacuolate x-body is seen in section lying in the cytoplasm. 

Fic. 5. A cell from the midrib region of a primordium. The radiating 
threads have folded over to form a multipolar arc. The spireme is thickened, but 
entire. An x-body cut by an oblique section is seen near the cell wall. 

Fic. 6. A cell from the midrib region of a leaf, showing the diarc stage of the 
fibers, or polar caps. A small x-body lies in the vacuole. 

Fic. 7. An epidermal cell of the midrib. The chromosomes are arranged 
at the equator of the spindle. Two large vacuolate x-bodies are present. 

Fic. 8. A cell from the ground meristem of the stem. The chromosomes 
lie in the equatorial plate, but the section has cut them somewhat diagonally, 
distorting the polar view. Two vacuolate x-bodies lie in the cytoplasm. 

Fig. 9. An epidermal cell from the midrib. The chromosomes are passing 
to the poles. A large vacuolate x-body lies near one pole, and several smaller 
x-bodies lie in the cytoplasm. 

Fic. 10, An epidermal cell of a leaf from which a hair is just protruding 
outward. The chromosomes have just reached the poles. Three vacuolate x- 
bodies are present. 

Fic. 11. A cell from the midrib region of a leaf primordium. The daughter 
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chromosomes at the poles are gathered together in tight knots. Two x-bodies are 
present in the cell, one near each pole. One body is cut diagonally and lies near 
the wall. 


PLATE 29 


Fic. 1. An epidermal cell from the midrib of a leaf primordium. The 
chromosomes at the poles are loosening from the knot. The spindle is beginning 
to widen. Two x-bodies are present. The one next to the spindle is seen in 
cross section. 

Fic. 2. An epidermal cell of the midrib of a leaf primordium. The chromo- 
somes are still joined in a loose knot. The spindle has widened out to a greater 
extent, and is distinctly barrel shaped. Three vacuolate x-bodies are present, 
one near the upper daughter nucleus, and two below the division figure. 

Fic. 3. An epidermal cell of the midrib of a leaf. The phragmoplast has 
reached one wall and disappeared, but is still traveling across the cell vacuole on 
the other side. One large x-body with several smaller ones lies in the upper 
portion of the cell. A second large x-body with another small univacuolate body 
is found in the lower cell space. 

Fic. 4. An epidermal cell in which the division figure lies suspended in the 
center of the cell space. Three x-bodies are present, one above and one below 
the forming cell plate, and one against the wall in the direct path of the approaching 
phragmoplast. 

Fic. 5. Two daughter cells, after a recent division of a protoderm cell of the 
growing point of astem. A vacuolate x-body is present in each cell. 

Fic. 6. Two daughter cells after division of a cell in the ground meristem 
of the growing point of the stem. A large vacuolate x-body is present in each cell. 

Fic. 7. A portion of a hair cell in which the large vacuolate x-body seems to 
be dividing by constriction. 

Fic. 8. A portion of a hair cell containing a large nucleus, in which, in addi- 
tion to the large nucleole present, small cuboidal bodies are also present. One 
large and two smaller vacuolate x-bodies lie in the cytoplasm below the nucleus. 

Fic. 9. An epidermal cell from a diseased leaf showing type 5 pattern (pale, 
definitely blotched). The x-body contains many vacuoles bounded by rings 
of dense granular matter, and each contains a minute red stained body with 
delicate threads radiating outward. Small bodies lying in the cytoplasm show 
a similar structure within their vacuoles. 

Fic. 10. A set of four cells from the dermatogen of the growing point of the 
stem, in which an x-body is present in each cell. 


Plates 23-29 were made by the Photo-Gelatine Printing Company, 
Hoboken, N. J. 
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Relative sizes of leaves acquiring certain mosaic patterns upon infection 
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Mosaic pattern 1 (dark, vaguely blotched) 
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Fic. 1. Mosaic pattern 2a (pale crinkled) 
Fic. 2. Pattern 2b (pale, vaguely blotched) 
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3 


Fic. 1. Mosaic pattern 3 (narrow nervisequum) 
Fics. 2, 3. Pattern 4 (malformed, broad nervisequum) 
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Fic. 1. Mosaic pattern 4 (malformed, broad nervisequum) above; below pattern 5 
pale definitely blotched) 
Fic. 2. Pattern 6 (irregular, narrow nervisequum) 
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The identity of ‘Cuspa’ (Conoria >? Cuspa H. B. K.) 
S. F. Biake 


In 1825 Humboldt, Bonpland, and Kunth described under 
the name Conoria ? Cuspa a tree which had been collected by 
Humboldt and Bonpland near Cumana and Bordones in north- 
eastern Venezuela. The short mention there made of the uses 
of the tree for timber and particularly in medicine, as a febrifuge, 
is derived from the much fuller account given earlier by Hum- 
boldt,' which is of sufficient interest to quote in full. 

Le Cuspa, assez commun dans les environs de Cumana et de 
Bordones, est un arbre encore inconnu aux botanistes de |’ Europe. 
I| n’a servi pendant long-temps qu’a la construction des maisons, 
et il est devenu célébre, depuis l'année 1797, sous le nom de 
Cascarilla ou Quinquina de la Nouvelle-Andalousie. Son 
tronc s'éléve a peine a quinze ou vingt pieds de hauteur; ses 
feuilles alternes* sont lisses, entiéres et ovales. Son écorce, trés- 
mince et d’un jaune pale, est éminemment fébrifuge; elle a méme 
plus d’amertume que |’écorce des véritables Cinchona, mais cette 
amertume est moins désagréable. Le Cuspa_ s’administre, 
avec le plus grand succés, en extrait alcoholique et en infusion 
aqueuse, tant dans les fiévres intermittentes que dans les fiévres 
malignes. Le gouverneur de Cumana, M. d’Emparan, en a 
envoyé une quantité considérable aux médecins de Cadix; et 
d’aprés des renseignemens donnés depuis peu par Don Pedro 
Franco, pharmacien de I’hépital militaire de Cumana, le Cuspa 
a été reconnu en Europe presque aussi bon que le Quinquina de 
Santa-Fe. On prétend que, pris en poudre, il a l’avantage, sur 
ce dernier, d’irriter moins l’estomac des malades, dont le systéme 
gastrique est trés-affoibli. 

Sur les cétes de la Nouvelle-Andalousie, le Cuspa est re- 
gardé comme une espéce de Cinchona; et l’on assure que des 
moines aragonois, qui avoient résidé long-temps dans le royaume 
de la Nouvelle-Grenade, ont reconnu cet arbre par la ressemblance 
de ses feuilles avec celles des véritables Quinquinas. Cette 
assertion n’a rien d’exact; c’est justement par la disposition de 


' Humboldt, Voyage aux régions équinoxiales du nouveau continent, fait en 
1799, 1800; 1801, 1802, 1803, et 1804, par Al. de Humboldt et A. Bonpland. 1: 
366-367. Paris, 1814. The title cited in the Nova Genera et Species, ‘Relat [ion] 
hist [orique]’ is carried in the volume at the base of the first page of each signature, 
but not on the title page. 

2“Vers le sommet des branches, les feuilles sont quequefois opposées, mais 
constamment dépourvues de stipules.” 
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ses feuilles et par |’absence des stipules, que le Cuspa différe 
totalement des plantes de la famille des Rubiacées. fl se rap- 
roche peut-étre de la famille des Chévre-Feuilles ou Capri- 
oliacées, dont une section a des feuilles alternes, et parmi 
lesquels on trouve déja plusieurs Cornouillers remarquables par 
leurs propriétés fébrifuges. 

Le gofit 4 la fois amer et astringent et la couleur fauve de 
l’écorce ont pu seuls conduire a la découverte de la vertu fébri- 
fuge du Cuspa. Comme il fleurit 4 la fin de novembre, nous 
ne l’avons pas trouvé en fleur, et nous ignorons a quel genre il 
appartient. Depuis plusieurs années, j’ai demandé vainement 
a nos amis de worth des échantillons de la fleur et du fruit. 
somes que la determination botanique du Quinquina de la 

ouvelle-Andalousie fixera un jour l’attention des voyageurs 
qui visiteront ces régions aprés nous, et qu’ils ne confondront 
pas malgré |’analogie des noms, le Cuspa avec le Cuspare. 

The specimens of the ‘cuspa’ tree collected by Humboldt 
and Bonpland were in young bud only, and were described by 
Kunth as a new species doubtfully referred to the violaceous 
genus Conoria, which is now universally recognized as a synonym 
of Rinorea. In Humboldt’s account the tree was said to reach 
a height of barely 15 or 20 feet, but Kunth, by some error, 
described it as ‘arbor maxima (teste Bonpl.)’. Since Humboldt’s 
time nothing more has been learned about the identity of the 
‘cuspa.”’ Eichler,’ after examining original specimens, excluded 
the species from the Violaceae, but on account of the very 
immature condition of the flower buds was unable to assign it 
to any family. Baillon,‘ however, shortly afterward referred to 
it as Rinorea Cuspa in a notice of the useful plants of the Viola- 
ceae. In the present writer’s recent revision of the American 
species of Rinorea,’ R. Cuspa was placed, following Eichler, 
among the excluded species. 

During the summer of 1925, I was able to examine the type 
of Conoria ? Cuspa preserved in the Humboldt and Bonpland 
Herbarium at Paris. It proves to be a species of Aspidosperma, 
of the Apocynaceae, and is identical with the plant described 
several years ago as Aspidosperma lucentivenium Blake. The 
tree is common in the coastal region of Venezuela, from the 
Paraguana Peninsula east to Cristébal Colon, and occurs also 
on the island of Trinidad. Dr. N. L. Britton some time ago 

3In Mart. Fl. Bras. 13': 388. 1871. 

* Hist. Pl. 4: 346. 1873. 

5 Contr. U. S. Nat. Herb. 20: 518. 1924. 
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called my attention to the probable identity of 4. /ucentivenium 
with 4. sessiliflorum Muell.-Arg., described from Trinidad in 
1859-60. A sheet of the latter without flowers collected at 
Pointe Gourde, Trinidad, by N. L. Britton and W. E. Broadway 
(no. 2648), is in the National Herbarium, and Dr. Britton has 
sent a flowering specimen (in bud) collected at Camaronaro, 
Trinidad, by J. Dannouse (no. 4979). Study of these specimens, 
in connection with Mueller’s original description, leaves no 
doubt as to the identity of the Trinidad species with that of 
the mainland. 

The labels of the 18 sheets of this species from Venezuela 
and Trinidad examined in the National Herbarium contain no 
notes as to the uses of the tree, and only one collection (Curran 
& Haman 840, from La Guaira) bears a vernacular name, 
‘amargoso.’ Mr. Henry Pittier, of Caracas, informs me that 
the bark and leaves are still employed in the preparation of a 
febrifugal drink. The tree is generally known as ‘amargoso,’ 
and in the region of Barcelona as ‘cuspa.’ The name ‘cuspa’ is 
more commonly used for Cusparia trifoliata (Willd.) Engler 
(Rutaceae), from which is derived the well known ‘Angostura 
bitters.’ The Cusparia is also known as ‘cuspare,’ ‘cascarilla,’ 
and ‘quina de Nueva Andalucia.’ Apparently the vernacular 
names of these two trees, both of which have febrifugal proper- 
ties, are used somewhat indiscriminatingly, for Humboldt, who 
particularly distinguished the ‘cuspa’ (Aspidosperma Cuspa) 
from the ‘cuspare’ (Cusparia trifoliata) in the quotation given 
above, applied the name ‘quinquina de la Nouvelle-Andalousie’ 
to the ‘cuspa.’ 

Material sent by Mr. Pittier has been given a preliminary 
chemical examination by Mr. O. F. Black, of the Bureau of 
Plant Industry, U. S. Department of Agriculture. Both the 
leaves and bark, especially the latter, contain an amorphous 
alkaloid. The dried bark yields about 2.5% by weight of 
crude alkaloid, insoluble in water but soluble in alcohol, chloro- 
form, and dilute acid. It appears to be unstable in the air. 
Mr. Black is continuing his investigation of this alkaloid with 
a view to the publication of his findings in the Journal of the 
American Pharmaceutical . Association. 

Aspidosperma Cuspa is related to A. Vargasii A. DC., 
another species of the coastal region of Venezuela, but is readily 
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distinguished from it by the leaves, flowers, and fruit. In 4. 
Cuspa the corollas are glabrous outside, the pods (including the 
stipe) are 2.8—3.5 cm. long and I-1.5 cm. wide, the leaves are 
rounded or emarginate to obtuse at apex, and the petioles are 
3-7 mm. long. In 4. Vargasii the corollas are densely pubescent 
outside, the pods (including the stipe) are about 6.5 cm. long and 
2.5~3 cm. wide, the leaves are often or usually acute or acuminate, 
and the petioles are 7-16 mm. long. The two species differ 
in habit, also, according to Mr. Pittier’s observations, 4. Cuspa 
being branched from the base and smooth-barked, while 4. 
Vargasii has a naked trunk and flat crown, and its bark is 
rimose. The synonymy of 4. Cuspa is as follows: 


Aspidosperma Cuspa (H. B. K.) Blake® 
Conoria ? Cuspa H. B. K. Nov. Gen. & Sp. 7: 242. 1825 (type 


from Bordones and Cumana, Venezuela). 

Aspidosperma sessilifiorum Muell.-Arg. Linnaea 20: 399. 1859- 
60 (type from Trinidad, Sieber 53). 

Aspidosperma lucentivenium Blake, Contr. Gray Herb. 53: 46. 
1918 (type from between LaGuaira and Rio Grande, Vene- 
zuela, Curran &§ Haman 970). 

* This designation, attributed to the present writer, has been employed by Mr. 

Pittier (Manual de las Plantas Usuales de Venezuela, 110, 418. 1926), but un- 


accompanied by the name-bringing synonym necessary for the proper formal trans- 
fer of the name. 


Relation of temperature to the physiological values of salt 
solutions as indicated by growth of wheat roots' 


Sam F. TreELEASE AND HELEN M. TRELEASE 


The results of a previous study have shown that the rate of 
root growth in very young seedlings may be markedly influenced 
by the molecular proportions of KH,PO,, Ca(NO;)2, and MgSO, 
contained in the culture solution supplied to the roots (Trelease 
and Trelease, 1925). Since these experiments were all per- 
formed with a temperature of about 19° C., it seemed important 
to test other temperatures, to determine whether temperature 
might have a pronounced influence upon the relative physio- 
logical values of such a series of culture solutions. This seemed 
of special interest because experiments with longer culture 
periods and for later developmental stages of wheat plants 
had shown that the relative physiological values of a number 
of markedly different culture solutions may be either the same 
or more or less different, according to the nature and magnitudes 
of climatic differences (Trelease and Livingston, 1924). The 
present paper gives the results of preliminary tests of the relative 
physiological values of a series of solutions at 14° C., 19° C., 
and 30° C. 

METHODS AND RESULTS 


The culture methods were essentially the same as described 
in previous papers (Trelease and Trelease, 1925, 1926). Seeds 
of a pure-line spring wheat (Marquis, Saskatchewan, no. 70, 
supplied by the University of Saskatchewan, through the kind- 
ness of Professor Manley Champlin) were soaked for three 
hours in tap water and then sprouted on wet filter paper in moist 
chambers. Each culture vessel consisted of a Pyrex beaker 
(tall form, without spout, 300 cc. capacity) having a piece of 
paraffined bobbinet stretched over the top and fastened by a 
ligature of paraffined linen thread. The beaker was placed in 
a similar beaker of 600 cc. capacity, and both the inner beaker 
and the space around it were filled with solution, the level 
of the latter being even with the top of the smaller beaker. 


1 Contributions from the Department of Botany of Columbia University, no. 
348. 
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When the primary root of each seedling was about 6 mm. long, 
the seedlings were placed upon the netting at the surface of the 
solution, so that every root dipped into the solution while the 
seed was exposed to the air. Duplicate cultures, each of 25 
seedlings, were grown. The cultures were kept in darkness, in 
a culture chamber with thermostatic control (Trelease, 1925). 
During the first two days each culture was covered with a 
watch glass. 

In measuring growth rates two methods have been employed 
by various investigators. The first involves a comparison 
between the time periods required for various sets of plants to 
make equal amounts of growth, while the second uses a compari- 
son between the amounts of growth made in equal time periods. 
Of course, both sorts of comparisons may be made if growth 
measurements are made frequently, at relatively short time 
intervals. Although the first method has theoretical advantages 
(Osterhout, 1922), its use involves great experimental difficulties. 
The second method was therefore used in this preliminary study. 

In studying growth at different temperatures the duration 
of the test may be the same for the various temperatures, or it 
may be varied, according to the temperature. The latter 
procedure was adopted in the present work, since it may be 
expected to bring the plants at various temperatures more 
nearly to the same physiological stage of development. For 
each temperature the duration of the test was the time required 
for the roots in a standard or control solution to elongate about 
84 mm. (from 6 mm. to 90). The time thus required was about 
80 hours at 30° C., about 102 hours at 19° C., and about 173 
hours at 14° C2. The standard solution (number 6 in table 1) 
contained 0.02 M KH.2PQ,, 0.02 M Ca(NOQs)e, and 0.02 M 
MgSO,. At the end of the test the length of the longest root 
of each seedling was recorded. For each culture, the mean 
initial root length (about 6 mm.) was subtracted from the mean 
final root length, and the value for elongation thus obtained was 


? For this solution, the temperature coefficient, Quo, for the range 14°-19°C. 
is 2.87; for the range 19°-30°C. it is 1.25. (See: Kanitz, A. Temperatur und 
Lebensvorgiinge. 175 p., 11 fig. 1915.) The temperature characteristic, wu, for 
the range 14°-19°C. is 17,600; for the range 19°-30°C. it is 4,060. (See: Crozier, 
W. J. Oncurves of growth, especially in relation to temperature. Jour. Gen. 
Physiol. 10: 53-73. 1926.) The values of these indices of course differ for diff- 
erent portions of the temperature range, and for different culture solutions, etc. 
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expressed as a percentage of the average elongation for the 
standard solution. Thus, each value for elongation represents 
an average growth rate during a time-period defined by the 
average growth rate in a standard ‘solution. The results of 
the various experiments are summarized in table 1. Each 
value for an individual test is the average of two duplicate 
cultures of 25 seedlings each, except for the second values in the 
19° C. series; the latter are derived from earlier experiments 
(Trelease and Trelease, 1925), in which the temperature, though 
not artificially controlled, remained close to 19° C. 

When the variations among the results of individual tests 
are taken into account, it is apparent that the temperature of 
19° C. did not differ sufficiently from a temperature of 14° C. 
to produce very important corresponding differences in the way 
in which the plants reacted to the various culture solutions. 
The average values for each solution are nearly the same; with 
these two temperatures the greatest difference for any solution 
is 7 (about 15 per cent of the lower value), but the evidence is 
not strong that even this difference is significant. On the whole, 
the results indicate that the temperature difference between these 
series was not sufficient to bring about any very great differences 
in the relative physiological values of these solutions. 

By comparing the results of tests at 30° C. with either those 
of tests at 14° C. or at 19° C., it will be seen that, although the 
values are nearly the same for seven of the solutions, a pro- 
nounced difference is evident for solution 10, and less marked 
but probably significant differences are also indicated for solu- 
tions 7 and 9. These three solutions agree in having relatively 
high ratios of KH2PO, to Ca(NOs)2, but the series of data 
secured is not sufficiently large to warrant a discussion of the 
fundamental chemical or physiological conditions that determine 
the character of the results. Aside from these three cases, 
minor differences that may have significance are those between 


the physiological values of solutions 1 and 3 for 30° C. and 14°: 


C.; the value indicated for each of these solutions is considerably 
higher for the 30° C. series than for the 14° C. series. A larger 
number of tests would undoubtedly reduce the “experimental 
error” and make possible more precise statements regarding 
the relations indicated by these preliminary experiments. 
The results of these preliminary tests indicate, as would be 
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expected from theoretical considerations, that the comparative 
physiological values of a series of different culture solutions for a 
given kind of plant depend upon the temperature at which the 
values are determined. An adequate study of the responses to 
culture solutions differing in chemical or osmotic properties 
should involve tests at a series of different temperatures, and, 
conversely, a study of temperature relations should include as 
complete as possible a series of different culture solutions. 
The composition of the optimum culture solution for one temp- 
erature may be different from that for another temperature, 
and the optimum temperature may differ according to the 
nature of the culture solution employed. It is evident that the 
relative influence of any given culture solution upon a given 
plant must be considered as determined by the general environ- 
mental complex of influential conditions (Trelease and Livings- 
ton, 1924), including chemical and osmotic properties of the 
solutions, temperature, vapor-pressure deficit and velocity of 
air movement around aerial parts of the plant, quality and 
intensity of illumination, etc. 


SUMMARY 


By comparing a number of culture solutions by tests at 
14° C., 19° C., and 30° C., it was found that for different temp- 
eratures certain of the solutions had nearly the same relative 
physiological values (for root growth in very young wheat 
seedlings), while for different temperatures other solutions had 
markedly different relative physiological values. 
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